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Estuarine Quality 
,I 
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URBAN RUNOFF'POLLUTANT INPUTS TO NARRAGANSETT BAY: 
cbrJIPAR,SON TO .POINT SOURCES . . . 
EVA J�· .HOFFMAN 
State Coo'{diriator 
Narragansett aay Project 
Rhode Island Department of Environmental Management 
Providence, Rhode Island 
r----...--- �BSTRACT ----... ' . 
Urban ruooff samples were collected from four drains, 
�ac_tl serving a different land use: residenti�l. g<>(Tlmer­
cia!, .[li9�way,. and industrial. Twenty-one storm even!� 
w�r� monitored to establish mass discharge rates P!,wa­
ter volume, suspended solids, petroleum hydrocarbons, 
Polycyclic aromatic hydrocarbons, and a variety ottrace 
metalS! as a function of storm ralnfalt-and land 'u� Ttlese 
loading 'rates·were·combined with loctt� rainfall and lanCI 
u� (ecords to estimate annual �rban runoff inputs fb (he. 
Narragansett Bay watershed . .  For comparison, we com­
piled a point ,SQ.Urce-inventory .for t� same componen� 
thpugh self-monitoring reports an� past monitoring, stud­
ies conductf)d at the university, augmented with addi· 
tional analysj:�s as r�ir�d. Urban runoff was found tC? be 
the SO!IrC� of"@ percent of the petroleum hydroca�ns, 
3 JM!rcent of the lower_ moleculat weight (2 'ring) polycyclic 
aromatic hydrbcarbons, 44 percent of ttfe higher molecu­
lar weight polycyclic aromatic hydrocarbons, 65 percent 
of the lead, 56 percent of the zinc� and s·percent of the 
copper entering the Narragansett Bay watershed annu­
ally. The application of the· urban runoff loading rates was 
tested on.one of the Narragansett Bay tribu�ries, the 
Pawtuxet 'River. The wet-weather related mass discharge 
rates for tHese constituents in the river, as monitored dur­
ing and following one storm event, was estimated within a 
factor ol-2 using our loading factors with the rainfall and 
local ian(f use data. The fate and transport of wet-wbather 
components in the Narragansett Bay estuary will be ex­
amined as part of the Narragansett Bay Project of the 
EPA National Estuaries Program. 
Narragansett Bay is one of the best studi�d estuaries in 
the world. The University of Rhode Island's Graduate 
School of Oceanography, Brown University, Roger Wil­
liams College, and neighboring institutions such as the 
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.. 
Massachusetts Institute ·of Technology .and Woods Hole 
Oceanog'rap_hic't:I!"Stitution have u�ed the b�y as a.  r9-
search laborator� In 1979, Rhode Island's Coastal �a-: 
SOI,Irce§ <(enter published, The. BiiY. Bib, containi!19 QVer 
1 ,BoO referl}nC� tP. liJer€lture, "Qn l�is estu#l.r� The Center 
then m.acJe an,.att�mpt to exarnine th�s� ,dat�·in. or��r to 
answe� tha q�;�estiOJ'l1 "Wh�re do the various polt\!.tant� in 
Narragansett Bay. �m�t from?11, One, 90npJusion P1 tt�js 
study -stat� si�p,ly 1 t�at "Suf!i�ient1cta!� s:ta not exl�t to 
assess the rel�tive iiJlport�nce ot, t�e Jllany_,squrces .9f 
po�lution in the upper b�y's waters�fld. Pata co�parable 
to . that av�ilable on �{fluents, f�9.m., �wage treatment 
���:�nts �nd 1ndu�tri{ll spurces do not exist for flows ��suit· 
.ng from runoff and other nonp()int sources" (Olsen and 
Lee, 1979). •. 
URBAN RUNOFF ,, 
As a first step 'In evaluating the annual pollutant loads 
generated by urban runoff, it is necessary to have loading 
rates (such as mass/drainage area/time) that can be ap­
plied with some degree of confide.nce to the drainag� 'iire{l 
In question. Although appropriate urban runoff loading 
factors exist tor metals generated by the National Urban 
Runoff Program (NURP) (U.S. Environ. Prot. "A:gency, 
1984), the urban runoff data on ,hydrocarbons and PARs 
were minimal. Because we were particularly interested. ih 
these organic components, we found it necessary to con­
duct an urban runoff study of our own (for more detail see 
Hoffman et al. 1 983a, 1982, 1985, 1984, 1983b). The e�­
periment was designed to examine . hydrocar.bons and 
PAHs in runoff as a function of land use in a manner 
similarly used for other components in the NURP studles. 
The results of our study, derived from 21 storm events tor 
organics, a,nd '2 storm events . for m�tal.s, are given in. 
PERSPECTNES ON NONPOINT SOURCE POLLUTION 
Table 1 .  Where they ar,e available,. runoff loading factors 
generAted by the NURP stu�lies are included fdt. coinpar� 
sbn. 
- ·· • ' * "  " ·· • · ·-
Inspection of our data reveal a strong dependehce of 
urban runoff pollutant loading with land use. Otten differ­
ences by several orders of magnitude are involved. The 
urban runoff loadings for PAHs with three or more rings 
Fe, Mn, Cu, Pb, Cd, Zn, and suspended solids (TSS) were 
highest at the interstate highway location. Even though 
highways represent only a very small proportion of the 
land use in some locations, they become more important 
near urban areas. Since the loading factors are high, the 
highway land use can become an important part of the 
total urban runoff loads to urban water bodies. Highways 
were not studied separately in the NURP program. 
Loadings for petroleum hydrocarbons and PAHs with 
two rings were highest at the industrial location. Our col­
lection site, admittedly, could be termed "heavy indus­
trial," since it was located in the Port of Providence area. 
These values, then, would not be typical of newly devel­
oped industrial parks, which would have loadings similar 
to our commercial location. (The commercial land use and 
industrial land use were .combined .in.:the NUBP.studies in 
1984 which, in our view, wouli:t be satisfactciry for light 
industry, but inappropriate for heavy. Industrial areas as 
JJIMstr_l:lted in_T�ble 1 .) 
The next step is fhe combination of the urban runoff 
loading factors with land use data for the specific drainage 
basin of interest. T�is would seem, at first inspection, to 
be a trivial matter, but hidden pitfalls exist for the unwary 
scientist. To give only two examples: (1) poor choice of 
land-use categories (categories for urban planning pur­
poses· may not be the best for urban runoff studies be­
cause the utility category can include both power line 
right-of-ways (open land) and power plants (heavy indus­
try)); (2) land uses as a function of drainaJ:le basin are 
most�requently derived using topographical maps which 
maS» not re'present where the storm seWers aCtually carry 
the water. .. · 1 • 
Once · we ·:had '<1eterminecf loading factorsJ.and found 
lanctuse statistics: we·could then calcurate urban runoff 
loads ·to . the waft!rbody _qf interest,' for areas "which are 
newfy 'deVeloped. However, the situation· in Providence, 
ahd in other cities of the N'ortheast where sewer systems 
collect both wastewater-and urban runol(leads to compli­
qations in the calcufatiohs. In the f99as, afthe time of its 
original construc\ioli, tile combined sy�tei"Q} in Providence 
�was considere� innovative because it collected·urban 'nJri­
off, recognized even 'then' as ccihtributing;.to water pollu­
tion. At1hat fime"the runoff" did not contain automotive­
relat9d P9llutants, but horse-related ones. A schematic of 
a typical combined sewer system is given.Jn.F;igure 1 .  
··' t. 
In tliese systems, · urban runoff can take . any of t�ree 
routes: it can travel down the street to the nearest water- . 
body via overland transport; it can travel to a catch basin 
tied into a separate storm sewer which usually takes the 
runoff to the nearest waterbody; or it can' travel to a catch· 
basin tied into a combined sewer system. Once in a com­
bined system, it can traveiJo a sewage treatment. pl�nt, 
which may not be in the same drainage basin, or can 
overflow the system via a combined sewer overflow, usu­
ally in the drainage basin of origin. 
As a first step, it is necessary to subdivide the land use 
statistics into subdrainage areas, so that loading rates for 
the areas served by storm drains can be calculated inde­
pendent of areas served by combined sewers. For Provi­
dence, this was done using a land use map superimposed 
on a city sewer map (Martin and Robadue, 1983). It is not 
difficult to estimate the amount going into combined 
sewers, once the land use characteristics for these areas 
are available. The more difficult question is where doe�· 
the runoff go once it gets into the' system? Does it overfloW. 
the system close to the source? .Does it go all the way to 
and through the treatment plant? Does it go to the .treat-
· �'!lent plant only to·be bypassed·arouhd the plant? Once 
the runoff goe's into a combined system it is mixed with 
unknown propqrtions .of raw·sewage; , how much of this 
�.sewage overflows along with the :run.off during rain 
events? 
There are two basic approaches to answering these 
questions. One can monitor each overflow individually or 
model the system. The city of Providence has been di­
vided into nine co111qined sewer_overftow (CSO) drainage 
districts. ·Preliminary design projects·for two of these dis­
tricts have been contracted and tnclude f)ow monitoring of 
each CSO in these two districts and some pollutant deter­
minations on selected CSOs. These two projects cost in 
exces!Q! $1 .2 Qlilliol). Although we now have so�e con­
ception of the nature of CSO discharge in two districts, the 
data ar& not useful in assessing the problems in the' other 
seven districts of the tity. The monitoring of each of the 65 
overfloWs in Providence would be logistically difficult and 
very expensiye; Jy1odeling of the sewer system is a m.uch 
less costly way to estimate how important CSOs are in 
con.text· V(ith other . so.urces. It is also an inexpensive 
method of assessing whether expensive design and moni­
toring studies are warranted. 
Three models- have been attempted for Providence's 
combined sewer system: one model estimates -CSOs by 
difference between total flows entering tl'iesystem and the 
amount that gets all the way to the plant (Hoffman, 1 983); 
two o\her models estin1at� csos· by calculating the sew-
• age ,1:\nd runoff flows in each districot �endipg all of it to the 
plant until the capacity Qf the .conn�ctor pipe,s in the dis-
Table .1 .-Urban runoff loading factors as a function of land use. 
_Pollutant 
Petroleum hydrocarbons (HC) 
LMW-PAJ-ls 
HMW-fAHs, 
F� 
Mn 
Cu 
'Pb 
Cd 
Zh 
·Suspended 'solids (TSS} 
1(kbJkml! cif land use/yr) 
,�nu,aJ rainfall - 121 �m/yr 
l 
. , 
Resldentlal1 
--(singl8'famlly 
·' suburban) 
"180 
0.009 
0.258 
1 35 
49.6 
3.0 (8) 
22.4. (36) 
0:1 8 
43.5 (34) 
4400 (1 2200) 
CommerC?I�t11 
(shopping' 
mall) 
580 
0. 100 
0.589 
1 66 
8.6 
3.0 (22) 
43.6 (82) 
0.69 
n.d. (1 77) 
32400 (54300) 
n.cl. not determjned; • 
Values In parentheses' are lolldlng'taetclli as projected from National Urban Runoff Program (NURP). 
t60 
lndustrlaJ1 Hlghway1 
(heavy) (B lane) 
14000 7800 
'2.42 1 .220 
3.97 16.9 -
856 91& 
65.8, 513 
35.3 146 •• 
166 2250 
0.85 2.48 
'639 7020 
548000 424000 
'I ESTUARiNE QUALITY 
overland trar1sport 
river separate storm sewers URBAN RUNOFF 
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• •  .,epa r a t e  e a n l t a r �  
a.e w e r •  
,. 
SEWAGE  
T R EATM�NT ·'' ·FA C I L I TY  
"' -s.�udge  (� 
Figure 1 ,--;Y(Jt,r.f:?&thway& IJ'I.& combined sanlta�-starrn water sewerape syste"!.d�rlpjl "!'inl-;90n�}tjP._nS: 
trict is reached, the rest being discharged by tne lobal an annual basis in Pravidenbe, 4'7 metric tons of hyCirocar-
eso (Martin· and Robadue, 1 983;· Metcalf and' 'Eddy, bons we(e discharged by'separate storm drains, 20 metric 
1'983). ' tons were di�arged via combined sewer overflows, foo 
�All tfiree of the �ystem models, Pf�ipf' that some 1rac- metric tons went to the treatment pla"t during' rainy con�f-
tion of the runoff goes to the treatment plint\ although the tions, and 1222 metric tons· vleht t<Hhe:freatnient plant absolute magnitude varies: We h'lonitored the influent and during dry conditians.''Simillil'ly, :we calculated ttte· urban 
the effluent of this plant during three rainstorms tq evah�: runoff expected from each Of the 36 cities and towns sur-
ate "the impact of Urt>an runoff in·t�� plant (Hoffn)an et. al. rounding the bay. Triess f6tal u'rban· runoff Narragansett 
1985). Urban runoff �as found to hffect the'pljint io,two Bay watershed calculations for a variety of different poilu-
ways,: first by increasi�g the loads ,of pollutants 'd�rin,9 tants are compared with other sources later. 
storms and then by prOducing' elevated flow rates which 
are .sometimes sufficient fo' produce hydraulic ovllrload­
lng�? of,the �ndary treatment system. When 'combined, 
these produce higher m� ·discharges from the plant in 
wet weather than during ap�l6gous dry periods. It is likely 
that eactt:treatmeot plant receiving stormwat�r dis­
charges'�ll behave;'differently hi this aspect. . 1 
In summary, to produce urba,n runoff estimates for Nar­
ragans�tt Bay,, we 'monitored storm drains servinJ;J differ­
ent land uses; �e modified land use data, when n.eces; 
sary, to make them useful for ,water quality planning1.,we 
estimated how rrluc� urQan runpff never went to the 'drain­
age basin of origin) but �en! to a treatment plant; and we 
estimated hdw much runott,mixed with sewaQ,e.·and was discharged by'CSOs. For exalnple, we calculated that, on 
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)VASTE CAAftjKCASE OIL DUMPING. 
Ttle improper dispo�al of used crankcase oil dowri sewers 
has been cited by numerous authors as a potential contri­
bution to the oil content of sewage and receiving waters. 
The impact of this disposal method is impossible to assess 
directly, since it is done .surreptitiously. Often evidence is 
seen-empty oil ,cans 'in rivers and on streets,, large oil 
blotches around catch basins-but' the 'magnitude of the 
problem has been the subject" only of speCulation. T6 ad­
dress this question, we designed a survey that we mailed 
to 1,000 Providence residents. Under the guise of asking 
whether they would participate �a us�g oil recycling pr(>­
grartl, we slipped 'in a questitin 'about their" current 'dis-
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
Table 2.-Used crankcase oil disposal practices. 
Population density 
Percent of oil changed by owners 
Disposal method used by owners: 
Give it to service station 
Put in garbage 
Store at .home 
Pour it out or b4ry it in backyard 
Pour 'it on the road 
Pour it down sewer 
Take to dump 
Other 
posal practices (Hoffman et al. 1 980). Following this study, 
the same questionnaire was used again in a South Caro­
lina legislative study, querying South Carolinians about 
their habits in this regard (Marchand et al. 1 980). These 
two data sets give us an idea of what urban, suburban, 
and rural residents do with their waste oil. A summary of 
the survey results is given in Table 2. 
The joint study (Hoffman et al. 1 981)  found that: on the 
average, car owners changed their crankcase oil in their 
vehicles twice a year, regardless of population density; as 
the population density increased, the percentage of do-it­
yourself oil changers decreased; the disposal methods 
used are a function of demographic parameters; and the 
specific practices of pouring the used oil on the road or 
pouring it down catch basins is clearly more commQn in 
highly urban areas where catch basins are convenient. 
We used the survey results to predict waste oil contribu­
tions of each city and town in the Narragansett Bay drain­
age b.asin. First, we classified each town into one of three 
categories (urban, suburban, and rural) by population den­
sity criteria to determine which of the data sets were the 
most appropriate for .each town. Then we calculated the 
amount of waste oil dumped down sewers or poured on 
roads per town, using the humber of vehicle registrations 
in each town. The other waste oil disposal methods could 
also eventually result in surface or ground water contami­
nation, but this process would take longer and some deg­
radation is possible. Leaks from underground storage 
tanks used for waste oil in gas stations are also a potential 
water pollution problem. However, when oil is dumped 
down a sewer, its transportation to receiving waters is 
rapi�. Our waste oil dumping-estimates are based only on 
the amount dumped down sewers and represent a con­
servative ,vatu� if other methods of oil disposal also con­
tribute to water pollution. 
Bec�use used crankcase oil contains metals and PAHs, 
we estimated the loadings expected for these constituents 
using literature data about the composition of used crank­
case oil (Pruell, 1 983; Brinkman et al. 1 981). 
ASSEMBLY 
A word of caytion on assembly of the final pollutant inven­
_tory: The dangers of double accounting must be recog­
nized. This is a particular hazard with combined systems 
(i.e., urban runoff going. to a sewage treatment facility 
could b� put in either the urban runoff category or the 
sewage category). F6r the purpQses of t�ese calculations, 
we have made the following assumptions: (a) urban runoff 
going to sewage treatment' plants becomes part of the 
sewage yalues and is I)O longer part of the urba(l runoff 
category; (b) urban runoff or sewage going out of a CSO 
becomes part ol the CSO values; (c) atmospheric fallout 
on land is a part of urban runbff, and only atmospheric 
fallout on water is listed separately; and (d) industrial dis­
charges going to sewage treatment plants are a part of the 
Urban Suburban Rural 
>3000/mi2 3000-500/mi2• <500/mi2 
33.5% 39.9% 48.5% 
Percentage of oil volume 
6.9 10.4 3.0 
40.7 23.4 14.0 
4.1 6.5 5.0 
29.7 39.0 38.0 
4.8 4.0 0 
7.6. 2.6 1 .0 
2.8 3.9 9.0 
3.5 14.3 24.0 
sewage values,· and only industries discharging directly 
onto wateJs are listed·separately. 
The nature of annual poii!Jtant input inventories should 
be kept in mind. There are no complete1y s�eady dis­
charges into the bay. Municipal plants reteive more flow 
and higher concentrations during the'day than during the, 
night; industrial sources discharge more du,ring the day; 
urban runoff occurs only during and following rain events; 
the time and location of oil spills cannot be predicted. The 
nature of these spatial and temporal variabilities of each 
input constitutes an important consideration for several 
management decisions. · 
THE INVENTORY 
Graphic presentations of the various sources of organic 
contatninanfs, such a& petroleum hydrocarbons and poly­
cyclic aromatic hydrocarbons, and of selected metals, are 
given in Figure 2. It becomes obvious very quickly that 
only one general statement can be made about the 
sources of toxic pollutants to the aquatic environment: 
each pollutant has different major sources. We have 
shown three classes of hydrocarbons in Figure 2: total 
petroleum hydrocarbons, lower molecular weight (two 
rings) polycyclic aromatic hydrocarbons, and high.er mo­
lecular weight (three rings or more) polycyclic aromatic 
hydrocarbons. For each of these hydrocarbon classes, the 
major entry pathway is different in the Narragansett Bay 
watershed. While urban runoff accounts for 48 percent of 
the total hydrocarbons, it accounts for only 3 percent of 
the two-ring'PAHs. We have observed that two-ring PAHs, 
while found in significant concentrations in used crank­
case oil and presumably ,also in drips of crankcase oil on 
the street surface, seem to be lost by weathering on the 
street prior to jncorporation in urban runoff .• These lower 
molecular. w!'light-PA8�,i,n petroleum products discharged to the sewer system are not exposed to such weathering; 
thus, Jhe major sources of tyio-ring PAHs repre�ent fr�sh, 
unweathered oil in sewage effluent. The PAHs with three 
or more rings formed during combu�tion of fossil fuels are 
_!12t_Lqst v.§ ��� heri1!9-.at least not t� �he .. �Ei!TI� extent � 
the lower molecular wei�nfcompounds found-but are in 
lowe'r concel"!trations in- used .crankcase oil arid sewage 
effluents. Atmospheric deposition becorjles more jmpor­
tant for these PAHs thanJo� the.other �yd,roi:ar69ns. Pre­
liminary calculations suggest \t)at atmospheric deposition 
on land surfaces can accoun! for 50 percent.oUhe PAHs 
with three or more ring!i; jn urban runoff and, thu�"�bout 
10  percent. of these PAHs in, sewage. F;�lloutof ?,AHs �ith 
three or more rings from.�h� atmospl)er� can directly or 
indirec\ly account for over half the entry of such f�Hs to 
Narr�gansett Bay. .  · 
The.metals alsq have varied'sources \see Fig. 2). Jhe 
primary source' of lead in Narragansett Bay .is from.urban 
runoff, presumabty du� t!J Jhe use of lead�'\ fu�l i.n .auta: mobiles. The lead is emitt�� through the �x�austs�!em. 
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ATMOSPHERIC DEPOS�·;;yN • 
INDUSTRY 
OIL SPILtS 
... 
PETROLEUM HYDROCARBONS 
( 1726 tons/yr I 
ATMOSPHERIC 
DEPOSITION 
LMW - PAHs 
( 4.06 tou /yr I 
HMW PAH11 
( 1.46 tons /yr I 
ESTUARINE QUALITY 
Pb f79.J tons/yrl .. 
Cu f/23 ton11/yrl Zn ( 308 tons/yrl 
Figure 2.-Pathways of pollutant entry Into the Narragansett Bay watershed. 
When it is incorporated in crankcase oil, it is a component 
of the Qil drips. While this source of hydrocarbons is the 
predominant contributor to hydrocarbons in urban runoff, 
oil drips, per se, are only a minor source (1 5 percent) of 
the lead il') runoff (Latimer, 1 984). Copper entering Narra­
gansett Bay comes from sewage treatment plants, with 
the Providence plant contributing over half of the bay's 
COI!lPer content. The copper comes from industrial dis­
charg�s to the sewer system from metal-finishing and 
electroplating industries. For Zn, both sewage treatment 
plants and urban runoff are important sources. 
WATER BODY VERIFICATION 
Recently, we conducted an experiment to determine the 
impact of .a rain event on the water quality of the Pawtuxet 
RiVer. The rain event also afforded us the opportunity to 
properly evaluate the application of urban runoff loading 
factors developed in our earlier study. We combined our 
urban runoff data with Pawtuxet River land use data to 
estimate the urban runoff loads we anticipated for this 
storm. A comparison of the predicted urban runoff load to 
the river with the actual load we observed through river 
monitoring is given in Table 3. The actual and predicted 
discharge rates agreed within a factor of 2 for 9 of the 1 2  · 
components we examined. All 'of the rates agreed within a 
factor of 3. 
These data also allowed us to evaluate how important 
urban runoff components are to the water quality of Jhe 
river during storms. The background discharge rates (re­
sulting from point sources) were minor in comparison with 
the wet weather contributions for mqst of the PAHs, HC, 
Pb, and Zn. Concentrations of Cd and Cu were not greatly 
affected by stormwater inputs. During this storm, 85 per­
cent of the PAH's, 79 percent of the hydrocarbons, 82 
percent of the Pb, and 63 percent of the Zn were due to 
wet weather inputs. 
In summary, on an annual basis, urban runoff was the 
major source of hydrocarbons and lead to Narragansett 
Bay, and a significant source of PAHs and zinc to this 
estuary. The urban runoff loading rates we determined 
were later found to predict accurately the actual wet 
weather inputs to one of the bay's tributaries. Changes in 
tributary discharge rates during wet weather conditions 
can be substantial. 
Table :J.-Comparlson of actual Pawtuxet River discharge rates with predicted urban runoff loads (Nov. ;J-4, 1983, 1 .39 em 
rainfall, river station #9). 
Predicted Ratio of 
Background Urban runoff urban runoff actual to 
Actual dry weather from monitoring rate from land predicted 
discharge discharge data use data rate 
Pb 3770 gm 667 gm 31 10  gm 6230 gm 0.50 
Zn 258 kg 96.4 kg 162 kg 106 kg 1 .52 
Cd 455 gm 369 gm 86 gm 46 gm 1 .82 
Cu 1 1 .9 kg 9.8 gm 2.1 kg 3.8 kg 0.55 
HC 101 kg 20.9 kg 80.0 kg -200 kg 0.40 
PAH 240 gm 36.7 gm 204 gm 267 gm 0.76 
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i------ ABSTRACT ------. 
In 1 97'6, the EPA was diracteq by Congress to conduct an 
in-depth study of the Ctlesapeake Bay, its resources and 
its management. The goal was "to' protect and preserve 
the quality of the Chesapeake Bay by effectively manag­
ing its uses and resources." In cOmpleting the $27 million 
stud� the EPA Chesapeake Bay Program develoJjed a 
watershed model to estimate ROint and·nonpoint s9urce 
loadings to the Bay and to evaluate management strate­
gies in reducing nutrient loadings. Model production runs 
indicate that nonpoint sources contribute between 31 and 
64 percent of the phosphorous load and between 62 and 
81 percent of the nitrogen load to the Bay system depend­
ing upon annual rainfall conditions. Most of the phospho­
rous · loadings to Chesapeake B�y come from point: 
sources-which are concentrated close to tidal waters, 
while most of the nitrogen enters. the Bay from nonpoint 
sources located throughout_ t� basin, "primarily runoff 
from agricultural croplands. Model Si�tations indicate 
that a Level II best management practice such as conser­
vation tillage is a cost-effective management alternative. 
In respon$e to the findings of thl(Chesapeake Bay Pro­
gram, the Bay States of MafYiand,·Pennsylvania, and Vir­
ginia initiated agricultural (an�.urban) nonpoint source 
control programs that increase technical and financial as­
sistance to farmers and augiJlen( demonstration projects 
and education efforts. The Pr6gram is tracking these ef­
forts and attempting to evaluate their effectiveness in 
controlling nonpoint source pollution. 
INTRODUCTION 
In 1976, the U.S. Environmental Protection Agency (EPA) 
conducted an in-depth study of the Chesapeake Bay, its 
resources and management "to protect and preserve the 
quality of the Chesapeake Bay by effectively managing its 
resources." EPA fulfilled this Congressional mandate 
through the Chesapeake Bay Program (CBP), which doc­
umented declines in living resources such as submerged 
aquatic vegetation (SAV), striped bass, shad, oysters, and 
clams. These declines parallel changes in water quality 
which include increases in nutrient concentrations, chloro­
phyl a, turbidity, and toxic chemicals and decreases in 
levels of dissolved oxygen. 
Specifically, submerged aquatic vegetation has de­
clined dramatically throughout the Bay; landings for fresh­
water spawning fish, such as shad, alewife and striped 
bass, have decreased in recent years; oyster spat set also 
has declined significantly in the past 10  years. Nutrient 
increases (primarily nitrogen and phosphorus) in many 
areas of the Bay have led to declining water quality. Ele­
vated levels of heavy metals and toxic organic compounds 
are found in Bay water and sediment; and the amount of 
Bay water showing low (or no) dissolved oxygen in the 
summer is estimated to have increased 1 5-fold in the last 
30 years. 
The $27 million research study attributes the decline to 
excessive nutrients and, to a lesser degree, toxic eff11.1ents 
and sedimentation. The nutrients, primarily from munici­
pal waste discharges and agricultural runoff, spur the 
growth of algae that deplete oxygen from the water and 
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preyent sunlight .from .reaching the submerged aquatic 
vegelation that provides critical habitat to the Bay's living 
resources. Sediment and toxic effluents also directly af­
fect vegetation and fish. This paper focuses primarily 'on 
nutrient pollution. 
SOURCES OF. NUtRIENTS 
. � � 
The sources of nutrient loadings to the Chesapeake Bay 
are influenced by population growth and land use within 
the 64,000 mi2 catchment area th"at incluq,es p/>rtiohs of 
six States and the District of Columbia (Fig. 1 ). 'For man­
agement purposes the area was divided into the eight 
major drainage basins also shown in" Figure 1 .  �asfnwide, 
the popul!3-tion grew 49 percent between 1 950 and 1 980 
and is projected to grow an additionaJ . 1 5  percent by the 
y�ar '2000, t6 a total of 1 4.6 million. Population growth 
contributes fo the major point souree of nufriehts to the 
Bay, sewage !reatment plants. The other major type of 
point s�urce in the t?asin is industrial wastewater. 
In aCtditjon to increasing sewage treatment plant dis­
charge volume, P?PUiation i!:lcreases drive changes ·jn 
land use. The percEmtage of land in urban and residential 
usage h� incre�sed 282 percent since 1 950 'and, al­
though agric�llpre land use has declined somewhat, the 
agricultur�l and livestock practices employeS� �ave inten­
sified. 
CHESAPEAKE BAY WATERSHED MODEL 
Estimates of sources and loadings of nutrients to the Bay 
as well as the efficacy of management strategies to con­
trol them, were determined with the assistance of a Bay-
1 .  Susquehanna 
2. Eastern Shore 
3 West Chesopeake 
4. Patuxent ' 
5. Potomac 
6. Rappahannock 
7. York 
8. James 
Figure 1 .-The Chesapeake Bay drainage basin .. 
P�RSPECTIVES ON NONPOINT SOURCE POLLUTION 
'11'•') • � w�e water quality model. The model (Hartig'an' et.. ai: 
1 �83), $i,mulated nonpoint source----loadings {>etwee.n 
March 1 and Oct. 31 , the period most important in terms 
of algal growth in the Chesapeake Bay. Model input data 
\Wre based on 1980 point source loadings· and land use. 
Tlie U.S. Geological Survey (USGS) rainfall records from 
��et year (1975), dry year (1966), and an aver�ge year of 
tiinfall (1974), were used to estimate the nonpoint loads. 
:n'J� basin model routed nOQPQif1t..{ar,�d point) source ,loads t�!h,.� fal! line, sill)UI�ti!1g t�� ghysic�lt.ch�miP!i!· and_ bio­
l6QiQal processes that transfpr,m ��e poiiH��Ot!'! as they are 
transported qownstream. • _ • • ..,, , , 
Model production /Uns indicate that the totaL nutrient 
load to the Bay varies aqcording to rainfali conditions' (Fig. 
2) and that the relative �mounts of-point and· nO[!pojnt 
aource loadings to ttie Bay similarly 1cha'tige with rainfall 
-�hosphorus 
' 
; " 
conditions. BayWide, norpoint sourc�s contribute from 31, 
to-64-percent of the phosphorus load (39 percent under 
average rainfall conditions) and f�om 62 to 81 percent �f 
the nitrogen load (67 percent = average) . ·Point sources 
contribute from 36 to 69 J)'en;:ent 9f the phosphor�s ls>a$i 
and 19 to 38 percent of the nitrogen load, depending upon, 
the annual rainfall conditions; under average conditions, 
point sources contribut� 61 per,eent of. the phosph9rus 
load and 33-percent of th� nitrogen. 
Figure,3 illustrates Jhe point anQ nonpoint .s.ourpe lo�d­
ings from each of the major, basins discharging .to Chesa­
pe�e Bay during an �v�rage rainfall year. Collectively, the 
thre�·rnajorJFibutaries to,, the J�ay, James, .Potom,ac1 and 
Susquehanna contribute-.30 · perceot of ,the n�mpoint 
sourpe load and 70 percent of the total phosphorus load. 
For nitrogen, they contribote 55 .p,ercent of the nonpoint 
Wet Year 
.J 
·Dry Year ,, Average Year ... '' 
� .  .t .. 
6,3QO,OOO kgs: 
1 0,800,000 kgs. 
N itrog_en 
Wet Year -.:.\ k'!'" 
Dry Year Av�rage Year 
55,966,000 kgs. 66,465,000 kgs. 
� ?' _,/ 1-
Wi•� Poinrsources 
1 19,669,000 kgs. 
J.._j£ !1 0 Non--��· � - ' point Sources 
...  ,,.. ·t" .,_ ) ') •'\ lroure 2.-Bay-wlde nutrient loadings (March to October) under dry, average, and wet conditions. 
source load and 78 percent of the total load durir)g aver­
age rainfall conditions.:Thl;!\.h�rtles(is1dornlnated"by point 
sources while fhe'Susqueharimi is dotrlinated by rionpoint 
sources; the Potomac has a more balanced mixture. To be 
e.ffective, nutrient gonttol sfrategies must recognize the 
unique nature of each basin and the relative contributions 
of point and nonpoint sources of nutrients within each: 
Figure 4 illustrates which basins are dominated by point 
and· non)>oint sources. It clearly shovts that point sources 
are concentrated in sub-basins adjacent to Chesapeake 
Ba� essentially the urban corridor between Baltimore, 
Maryland, and Washington, D.C.� and' the fall line city of 
Richmond;·Virginia. These point-source!dominated areas 
have high population densities and consequently, large 
volumes of wastewater discharged from sewage treat­
ment plants: Model estimates of point and nonpoint 
source loads' for each major drainage basin from above 
and below the ,fall line are summarized in Tables 1 and 2. 
They indicate that c�oplands g�nerate a large portion of 
the total nutrient load and are by far the major nonpoint 
source basinwide. Croplands contribute from 27 to 53 per­
cent of the total phosphorus lcSad and from 60 to 75 per­
cent of the total nitrogen load i[l average and wet years 
respectively. 
In contrast, "other" nonpoint sources, which include 
runoff from pasture, ' urban, and forest lands, contribute 
only 1 1  to 12  percent of the total phosphorus and 6 to 7 
percent of th'e total nitrogen load under similar rainfall 
conditions. However, the low pefcehtages do not neces­
sarily indicate that these nonpoint sources, especially ur­
ban sources, are not .a problem in Bay waters. In· urban 
areas adjacent to critical habitats such as tidal freshwater 
spawring grounds, the accumulated pollutants flushed 
from streets and residential areas during wet weather con­
tribute significant quantities of both conventional and toxic 
pollutants. 
EVALUATION OF MANAGEMENT 
ALTERNATIVES 
In addition to estimating point and nonpoint source nutri­
ent loadings, the model evaluated the relative effective­
ness of point and nonpoint source controls !ind estimated 
Phosphorous 
ESTUARINE QUALITY 
year 2000 loads. The point source strategies simulated by 
the model "Vere .primarily technology;based controls" that 
limit the effloent concentration of nitrogen and phos­
phorus. A phosphorus ban �nd future (year 2000) loadings 
·were also evaluated. 
For nonpoint sources, the model estimated the impact 
of changes in'tillage practices and, in the lower Susque­
hanna, the simultaneous strip cropping and conversion of 
all co,nvention'al'tillage· cropland in each basin to conserva­
tionlillag,e. The factor in the model that represents vegeta­
tiv�'cover was the primary adjustment made to simulate 
this option. A point source effluent limitation of 2 mg/ total 
phosphorus was also tested under ·existing and future 
conditions. Agricultural Janel use was assumed to remain 
unchanged in the year 2000 model simulations. 
Table 3 contain� the estimated reductions in nutrient 
loads, by major basin, achieved in the conservation tillage 
model simulation during average and wet rainfall condi­
tions. Conserv�tiOf\ tillage is m�re effective in red.ucjng 
phosphorus thM nitrogen loads because phosphorus is 
transported in the particulate for'TI adsorbed to sediment 
particles. Conservation tillage minimizes disturbances of 
the soil surface and significantly reduces soil loss. 
Nitrogen, however, is mostly soluble and what does not 
wash ott is taken up by pl�nts or transformed to gas and 
percolates down il1,to the ground water, some of which 
flows into adjacent waterpodies. The complicated nutrient 
forms and pathways, along with diverse crop and pasture­
land management systems, illustrate the need to imple­
ment .separate best marlagement practices (BMP's) to 
control both nitrogen and phosphorus. 
The effectiveo�ss of conservation tillage' is related to 
current cropping practices, soil type, slope, and other fac­
tors that vary among river basins. In some areas, physical 
conditions preclude its use. Furthermore, the benefits of 
conservation tillage in preventing sediment and nutrient 
losses must be weighed against the increased use of her­
bicides associated with this practice and other farrn man­
agement considerations. 
Data from model simulations. in the lower Susquehanna 
indicate that the simultaneous implementation of conser­
vation tillage basinwide and strip cropping in the lower 
Susquehanna would reduce existing (1980) total phos-
� Point 1 0 Non-point 
West Eastern 
James susquehanna Potomac Chesapeake Shore G>thers 
._
 ____ 5_...1_{0_� __ ,.�·---r•--12-
2 1%  --9--�-•--,�7% �I:J:J 
Kilograms 2,000,000 4,000,000 
N itrogen 
... 
6,000,0QO 
West Eastern 
l-- 14% ---1------ 40% -------�--- 24% -----t- 1 1 %  -t-6%+s"'rl. 
Kilograms 20,000,000 40,000,000 60,000,000 
Figure 3.-Percentages of nutrient loadings (March to October) by major basin under averag� rainfall conditions. 
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Nitrogen Ph9�phorus 
Potnt source dominated D Non-point source, dominated 
Figure '4.-..Relative lmportai't�ce of, point and non point source of nutrients within major basins. 
' 
Tabl� 1 :�Phosphorus loadings io Chesapeake Bay by major basin (March-October) 
% Point 1M! Cropland %,Other t Total 
nonpolnt 
'contribution 
eource load eource load 
Phosphorus (kg) contribution contribution eource contrlb. 
Basin Dry Avg. Wet Dry Avg. Wet Dry Avg. Wet Dry Avg. Wet Dry Avg. Wet 
Pert A:�lt the fill line 
Stisque�an'ha 
Patuxent 
Potomac • 
Rappahannock 
York 
James 
941 ,000 1;318,000 2,864,000 24 23 1 2  
156,000 149,000 174,000 92 90 76 
326,00Q 388,000 1 .ov.ooo. 27 1 5  7 
49,000 47,000 130,000 1 1 1 
30,0JlP 35,ooo 151 ,ooo 1 1 2 
299,000 349,0D9- 690,000 45 36 21 -- -- --
TOTAL 1 ,8,01 .qt)O 2,286,000 5,086,000 33 28 14  
Pert ·B: to tidal waters (below th'e flll ll!le)> 
W. Chesapeake ,988,000 1 ,087,000 1 ,384,000 93 85 67 
Patuxent 59,odo ll8,ooo 13o,ooo 79 69 36 
Potomac 8B2,000 915,000 1 ,263,000 82 79 57 
Rappahannock 5+,000 79,000 221 ,000. 89 61 22 
York 39,000, 65,000 208,000 84 50 1 6  
James 1 ,325,000 1 ,374,000 1 ��70,000. 96 93 81 Eastern Shore S-45,000 379';000 962�000 44 40 1 6  
......,..__ _ _ _ TOTAL 3,692,000 3,967,000 5,738,000 87 81 56 
Part C: Part A + Part B 
S�squehanna 
Plltuxt!l'lt • 
· Polomac 
Rap�ijihannock 
York 
James 
W. Chesapeake 
Eastern Shore 
941 ,000 1 ,318,000 2,864,000 24 23 12 
21 5,000 21 7,000 304,000 88 83 58 
(208,000� 1 ,303,000 2,304,000 67 59 34 
103,000 126,000 350,000 47 39 14 
69,000 <100�000 �9.006 50 35 10 
1 ,624,000 1 ''123,000 2,259,000 86 81 63 
988,000 1 ,087,000 1 ,31!4,000 93 85 67 
345,ooo 379,_ooo 962,ooo 44 40 1 6  
TOTAL 5,493,000 . 6,253,000 1 0,786;000 ----s9 -s1 � 
so n 
7 19 
52 72 
58 75 
74 86 
46 63 -- --
53 72 
8 25 
19 51  
10 31 
27 69 
27 ,68 
. 3 14  
50 79 
12 36 
60 77 
10  33 
23 50 
39 71 
44 76 
12 29 
8 25 
50 79 
27 53 
1 6  1 1  76 76 88 
3 5 8 10 24 
33 21 73 85 93 
41 24 99 99 99 
19 12 93 93' 98 
18' 16 55 '64 79 
__ __  ____.____ _ _ _ 19 14 67 72 86 
' 
7 8 7 1 5, 23 
12 13 21 31 64' 
1 1  12 1 8  21 43 
12 9 1 1  39 78 
10 8 18 50 84 
4 5 4 7 19 ... 
�
--5
��
� 
7 8 13 19 44 
17 1 1  76 77 88 
7 9 12 17  42 
18 16 33 41 � 
22 15 53 � 86 
6 14 ' '50 65 90 
7 8 14 19 37 
7 8 7 1 &  .23 
- 10 5 56 60 84 
:� --1-1 ----a1� �· 
ESTUARINE QUALITY 
]8�1�2.-Nitrogen, loadlngs;to Chesapea�e B(ly by major basin (March-October) 
·• •• ·'• "' :l % Point % Cropland ·' % Other t Total 
nonpolrft 
contrlbutlo.n 
,. source load aource load 
tlltrogen (kg) contribution contribution aource contrlb. 
Dry Avg. Wet Dry Avg. Wet Dry Avg. w,t Dry Avg. Wet Dry Avg. Wet 
Part A: at the fall line 
Susq�,t§hJ!nna 
Patuxent 
Potomac 
'Rappaliannock 
York 
Jam�s • 
21 ,500,Q0026,500,00048,000,000 
� 580,000 536,000 809,000 
8;270,000 7,500,00017,800,000 
695,000 727,000 1 ,680,000 
380,000 370,000 1 ,264,000 
1 ,  760,000 2,300J)OO ' 5,030,000 
:rOTAL :' 31,185,00037,933,00074,559,000 
Part-S? to ·tidal waters (below the fall line) , W. Chesapeake 6,179,000 7,265,000 10,«;l38;000 
Pattpcent 439,00Q. 596,000 1 ,278,000 
Potomac. , 8,094,000 81399,000 1 1  ,394,000 
Rapp§lhannot:k 279,000 ' 61 1 ,000 2,641,000 
York • 315,00Q '688,009 2,255,000 
James 6,272,000 1,013,000 8,91 3,000 
EasterJI Shore ..a,269,000 3,973,000, 9,500,000 
TOTAL �· , • ..24,&:47,00028,565,00045,425;ooo· 
,Pert C: Part A + PaJ p .. .., 
Susquehanna '21,500,00026,455,00047, 72?.,000 
Patll�en.t 1',01 &,000 . .  1:133,000 2,088,000 
Potomac,. • ·�"11}36�!099� 5,944,000 29,167,000 RBP.P@harmock • · ·· :9?5.0$l0 ,1 ,339,ooo 3,734,000 
York- ., ' • 630,000 1 ,058,000 3,492,000 
· James ·',! c4. 8,0'32,000 9,320,0001 3,945,000· W,Che�a�e '• •; 6,�79,00Q 7,265,0pD 10,038,000 
Eastern Shora • " ., ,1 :� •. 2�9,000 3,973,000 9,500,90.0 
TOTAL '55,967,00066,487,0001 1 9,691 ,000 
10  10  5 
71 65 41 
10  10 10  
10' 10 10  
10  10  10 
10 9 8 
1 1  1 1  7 
85 72 ' 52 
48 35 1 6  
n 74 55 
37 17  5 
34 1 5  5 
88 79 82' 
13 10 4 
� --
72 62 39 
' 10  10  5 
61 49 26 
48 44 28 
17  13  7 
22 13  i' 
11 62 43 
85 " 72 52 
13  10  4 
38 --:a3 �  
85 '91 
29 53 
83 84 
72 78 
78 82 
73 78 
83 88 
20 40 
55 75 
17  37 
73 89 
76 90 
15 32 
83 92 
-ao �  
85 91 
43 66 
48 66 
72 84 
n 81 
29 . 49 
20 '40 
83 92 
60 75 
5 4 90 90 95 
6 6 .29 35 59 
7 6 90 90 90 
1 8  1 2  90 90 90 
1 2  8 90 90 90 
18 14  90 91 92 -- -- ------
6 5 89 89 93 
8 8 15 28 48 
10  9 52 65 84 
9 8 23 "' "26 ll5 
10  6 63 83 95 
9 5 66 85 95 
6 6 1 2  21 ' ,3 
1 4 87 9o • 96 
--8 -·--7 ---"2a � --s1 
5 4 00 � • •  � 
8 8 39 51 • 74 
8 6 52 55• ,.. 72 
1 5  9 83 :S7 93 
10 6 78 87 93 
9 8 29 38 57 
8 8 15 '28"' '48 
7 4 87 90' 1 �6 ------ -...-.--
7 6 62 '67 81 
Table�.��pnated nutrient reductions achieved In level two model sln,uilatlon under average and wet conditions 
Basin 
Susquehanmt 
r 
West Chesapeake 
Eastern Shore 
Patuxent ,· 
(March-Oct.ober). 
% Phosphorus load reduction 
(kg reduction) 
Avg. year Wet year 
1 6.0 32.0 
(21 1 ,000) (916,000) 
2.3 14.4 
(25,000) (200,000) 
14.3 43.7 
(54,000) (421 ,000) 
1 .1 . , . 14.2 
(2,000) (43,000) 
4.3 25.4 
' 
% Nitrogen load reductlon.r , 
(kg reduction) •,'· 
Avg. year , . Wet ye�r ,:,"' �;i , 
1 .3 8.0 
(356,000) (3,818,000) 
1 .7 10.9 
(1 20,00b) (1 ,098,000) 
6.3 23.9 
(250,00Q) (2,273,000) 
0.8 1 1 .6 ,  !9,000) (241,000) 
1 .3 1 1 . 1 . :  Potpmac 
"I (56,000) I (594,000) (207,000) (3,228:000) Rap�ahannock 5.1 35.0 1 .9 • 18.0 . ,  (6,000) (122,000) (25,000) (669-i000);-York 6.7 37.0 2.5 20.0, . I 
(8;000) (141 ,000) (26,000) (�6.oooy James 0.8 9.5 0.5" ' 7.6 , .. , 
(15,000) (214,000) (49,000) (1,066,000� ,. 
Basln.wide 
1, �.jl " l 
6.5 
(3n,ooo) 
• phorus and nitrogen 'loads lrdm the Susquehanna 22 and 
'5' perC�I')t reap�qtiv'e)y: This' indicates that. significant ba­
sfnwide reductions· in nutrient loadings, including nitro­
"gen', can be achieved"!hro.ugh,•appropriate BMP's. Final 
decisions, ,however, shq�!d cdnsid.er agricultural strate-. 
gles that leave' the 1specific'' BMP's to the (jiscretion of 
farmers and soil corisetvationists. ,, .. 
CHESAPEAKE BAY NONPOINT SOURCE 
RECOMMEND�l:I�NS (NUTRIENTS) 
Th�·w�t(trshed model.s.bow.e� n�trient loads to the Chesa­
peak� can btl reduced thTQugtl 'Control strategies. The Bay 
com�t�Uility suppor.ts reductior;J,S Jo improve Bay condition. 
Althoug.h it is very difficult tq·p�edict with confidence water 
quality 9r ecologicatrespons�Hn �be Bay, enough is known 
today to call for limiting nutrient loads to Bay waters. 
24.5 
(2,651,000) 
1 .6 10.1 • ,. ' 
(1 ,042,000) (12,612,000!' : 
In 1983 the C.hesapeake Bay Program developed • .the 
following specific; recommendations to control and IJI�Uc\'e 
nonPQjnt pollution (Tippe et (:1.1. 1983). .• , 
• The States and EPA, through the Management Com­
mittee, should develop .a detailed nonpoint source c!lntrol 
.implementation program as part of a basinwide waler 
quality management plan. 
•- The U.S. Department of Agriculture and the 'EPA, 'in 
consultation with the Management Committee, should 
.·strengthen and coordinate their efforts to reduce agricul­
tural nonpoint source pollution to improve water qualitY in 
Chesapeake Bay. · 
• Feder�l agencies, States, and counties should '·de­
velop· incentive policies by· Ju,ly 1 ,  1 984, that encpu.tage 
·farmers to implement BMP's. ·' · 
• The State, counties, and -municipalities locate(j 'in 
PERSPECTIVES ON NONi501Nl' SOURCE POLLUTION 
subbasins adjacent to tidal-fresh and estuarine segments 
of Chesapeake Bay and its tributaries should implement 
fully and enforce existing urban stormwater runoff control 
programs. 
• The States of Maryland and Virginia and local gov­
ernments should consider strengthening wetland protec­
tion laws to include nontidal wetlands because of their 
value as nutrient buffers and living resource habitat. 
FEDERAL AND STATE INITIATIVES 
Following the publication of the Chesapeake Bay Program 
findings and results, a conference was convened by the 
Governors of Virginia, Maryland and Pennsylvania, the 
Mayor of the District of Columbia, the EPA Administrator, 
and the Chesapeake Bay Commission. The conference 
marked the beginning of a coordinated visible effort to 
correct problems identified by Chesapeake Bay Program· 
reports. 
The centerpiece of the commitments made by the spon­
sors was the "Chesapeake Bay Agreement of 1983" 
which recognized the need for a regional management 
structure to support and enhance a regional cooperative 
approach for the environmental management of the Bay. 
The Agreement provided the authority to establish an Ex­
ecutive Council, an Implementation Committee, and a 
Chesapeake Bay Liaison Office. The Executive Council is 
to assess and oversee the implementation of coordinated 
plans to improve and protect the water quality and living 
resources of the Chesapeake Bay estuarine system. The 
Implementation Committee will coordinate technical mat­
ters and develop and evaluate management plans. The 
Committee has established subcommittees for Planning, 
Monitoring, Modeling and Research, and Data Manage­
ment. The Liaison Office will advise and support the Coun­
cil and Committee. 
The Liaison Office has assumed the lead in coordinat­
ing Federal clean-up efforts and has negotiated Memo­
randa of Understanding (MOU) with five other Federal 
agencies whose activities impact Bay resources and water 
quality. These agencies include: U.S. Fish and Wildlife 
Service (F&WS), the Soil e<:>nservation Service (SCS), the 
National Oceanic and Atmospheric Administration 
(NOAA), the U.S. Army Corps of Engineers (COE), and the 
U.S. Geological Survey (USGS). 
All of the MOU agencies pledge cooperation in areas of 
mutual interest and support of the goals of the Chesa­
peake Bay Agreement. The SCS has deployed 10  addi­
tional people to work specifically in the Chesapeake Bay 
drainage basin to help train State and Federal agency 
personnel in the application of best management prac­
tices to control nonpoint source pollution from agricultural 
lands. 
NOAA will work with EPA in monitoring trends in the 
Bay. USGS will work with other agencies in developing 
mapping techniques and evaluating impacts of ground­
water pollution on the Bay. F&WS will work with other 
agencies to evaluate certain wetlands activities and assist 
with monitoring trends of contaminants in fish. 
The Corps will provide particular help with modeling the 
Bay and tributaries, and work with other agencies while 
conducting its recently authorized Chesapeake Bay Ero­
sion Control Study. In addition to the above MOUs the EPA 
has signed a Joint Resolution on Pollution Abatement in 
the Chesapeake Bay with the Department of Defense 
(DoD). The DoD has pledged to give priority c?nsiderat�on 
to funding pollution control projects and stud1es. affecting 
the Bay. 
Complementing these Federal efforts, the District of Co­
lumbia and the States of Maryland, Pennsylvania, and 
Virginia have each initiated programs to reduce pollutant 
loadings and to protect and restore Bay resources and 
habitat within their jurisdiction. For example, the District of 
Columbia has developed initiatives to deal with problems 
in the Upper Potomac Estuary which may be contributing 
to the decline of the Bay. The program covers point and 
nonpoint source pollution, provides resource manage­
ment, and encourages regional cooperation. Moreover, 
the District of Columbia is developjng a stormwater regu­
latory program to control new development and redevel­
opment after construction. A BMP manual and a home­
owners BMP guidebook will complement the regulations. 
These products will not only reduce loadings of pollutant's, 
but will also improve public understanding of the need to 
abate nonpoint source pollution. 
The Maryland General Assembly appropriated $36 mil­
lion in FY 1985 for a variety of point and nonpoint source 
pollution control strategies including $2 million cost shar­
ing to implement agricultural BMP's and $1 .4 million to 
hire 42 new employees to provide technical assistance to 
landowners in designing appropriate BMP's. Existing cost 
share program grants have already totaled $5 million 
since Jul� 1983. Another important component of the agri­
cultural conservation proQram is an intensiv� informa­
tional and educational program to encourage farmer par­
ticipation in pollution control activities. The overall goal of 
the Maryland agricultural initiative is to have conservation 
plans in place on farms located in "priority" areas having 
direct impacts on Chesapeake Bay water quality within 5 
years. 
Other nonpoint pollution abatement actions the State of 
Maryland has undertaken include: 
• Increasing enforcement of the State stormwater con­
trol law that requires that streams be just as clean after 
nearby construction as they were before construction; 
• Transferring authority for enforcing sediment and ero­
sion control law& to the State unless counties can demon­
strate they can do the job; 
• Establishing rules and regulations requiring efficient 
design, construction, operation and maintenance of agri­
cultural drainage projects; 
• Providing grants to local governments for a forest 
buffer program; 
• Providing construction funds for shoreline erosion 
control; and 
• Increasing appropriations for the conservation ease­
ment program. 
For the 1984-86 biennium, the 1984 General Assembly 
of Virginia appropriated $10.4 million for Chesapeake Bay 
initiatives, including $2.5 million for an agricultural pollu­
tion control plan. The largest single element in the plan is 
a program to cost share the installation of BMP's with 
farmers. 
This program employs a multiple level targeting strat­
egy. At the first level, all farmers within Virginia's portion of 
the Bay watershed are eligible for cost-sharing assistance 
on certain, specified, wat�r-quality-related BMP's. The 
second level targets co�t-sharing funds for certain prac­
tices to subbasin areas with intensified. cropland and ani­
mal waste practices. The third level, a demonstration proj­
ect, targets a small agricultural watershed for an intensive 
BMP promotion program. Continuous water quality.,moni­
toring at the site should give an indication of th� water 
quality impacts of the BMP program over time. 
The Virginia agricultural control plap also established a 
process for identifying priority areas where technical as­
sistance, demonstration projects and �ducation pro�rams 
will be targeted. The goal of the ptogram is to increase 
implementation of BMP's by farmers and land develope�s 
within the Chesapeake Bay drainage basin. In addition to 
the agricultural initiative, the Commonwealth has estab­
lished other nonpoint initiatives demonstrating pollutant 
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control from urban areaS and assistina low income shore­
line residents with sanitation deficiencies to install septic 
tanks and other facilities. 
The.COmmonwealth of Pennsylvania has also initiated a 
comprehensive agricultural nonpoint source control pro­
gram with the commitment of $2 million in State and Fed­
eral funds in its fiscal 1985 budget. One million dollars in 
financial assistQnce is available to assist Pennsylvania 
farmers implement BMP's to control soil and nutrient loss. 
Educational programs will help Pennsylvanians under­
stand the Bay's problems, their contributions to those 
problems, and explain ways to mitigate those problems. 
Additional �ucational programs, particularly for farmers, 
will stress the importance and potential savings from nutri­
ent management. 
In addition, tillage demonstration projects will compare 
yields from different practices •and show proper tillage 
techniques. A pesticides management program will pro­
vide information on appropriate projects .and a manure 
management program will stress ·on and -off· site use of 
manure as a r�sour<;e. The program's goal is to accelerate 
the lmplsmentation of best management practices on agri­
cultural land. �t focuses on animal waste and nutrient man­
agement.· The initial phase targets seven watersheds in 
the lower .Susquehanna River with high livestock density 
and intensive cropping practices. The program will later 
be extended to other watersheds. 
IMPLEMENTATION GRANTS TO THE 
STATES 
To assist the States and the District of Columbia in devel­
oping programs ·to improve Bay water quality and re­
sources; EPA awarded $3 million in implementation grants 
in 1984. It is anticipated tl)at the current Administration will 
provide $10 million for each of the next 4 years. Approxi­
mately $7.2 million will be available annually for State im­
plementation· grants. Although various types of projects 
are eligible for funding, F't1985 grant criteria require that 
75 percent of the grant amount be applied towards non­
point source controls. Structural, educational, and demon­
stration projects which address a significant pollution 
source in geographic areas of concern will also receive 
priorlt}£ 
The States and EPA have been further directed that ih 
selecting projects to be funded by' Chesapeake Bay Imple­
mentation grants, they must consider the following crite­
ria: 
• The jlroject's potential contributiOn to reductions in 
pollutant loadings or improvements in resource habitat; 
• The appropriateness and cost-effectiveness of the 
project. Higher priority should be given to projects located 
in designated critical,watersheds; 
• The potential beneficial �ffect of the project on eco­
logically important areas in the .Bay; 
• The unavailability of other Federal funding. For exam-
ESTUARINE QUAUTY 
pie, projects that can be funded through EPA's construc­
tion grants program should not be considered; 
• The project should be included in the Restoration' and 
Protection Plan of 1985. 
• The project represents an incremental step- in a 
phased long-term commitment to determine effective new 
programs or is part of a comprehensive abatement pro­
gram in a specific hydrologic unit or watershed. 
• NPS implementation efforts should be concentrat�d 
in targeted hydrologic units or targeted to types ·of sources 
for which solutions are not known.-
OUTLOOK 
The, Chesapeake B.ay Program findings clearly indicate 
that the Bay's water and sediment quality have degraded 
and many of its important living resources have declined. 
Given the increasing environmental stress pfojected 10 be 
placed on. ttie Bay resulting from population increases and 
land use changes, it will be difficult to halt this decline and 
even more difficult to reverse it. It is generally agreed, 
how�ver, that reducing the nutrient lqadings to the 'say 
from point and nonpoint sources will begin to restore the 
environmental quality of the Bay. 
Fortunately the States, EPA, and other Federal agen­
'cies already have begun control efforts to-address ob­
served Bay problems. While scientis�;:howeve� cannot 
predict with confidence how much !he current and' pro­
posed initiativ�s )Nill re�uce nOtrient (and toxi.c) l!'adings to 
the Bay nor how quickly or extensively. the Bay will re­
spond, it is generally agreed .that a long-term strategy is 
necessary to restore and protect the·Chesapeake Bay. 
So that mid-course correction in· control strategies can 
be made, the effectiveness of agricultural nonpoint source 
programs must be assessed. It is therefore necessary that 
a monitoring. and tracking system be established. The 
monitoring system should include both water quality and 
biological monitoring and provide input for model develop­
ment to project results from BMP implementation. Effec­
tive monitoring will identify areas where BMP implementa­
tion measurably improved water 'quality. The tracking 
system will ·help document-where and under what condi­
tions specific BMP's were implemented and"allow calcula­
tion of their cost effectiveness. Data gathered from these 
parallel efforts, along with results of specific programs- and 
projects, will help to guide the cooperativ� Federal 'ahd 
State efforts to restore and protect the Chesapeake Bay. 
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A Study -dasigned to characterize the pollutant climate' of 
, 13 (!lajor,bays and estuaries in Florida was carried'out by 
.�mjning se�[ment cflemistl)\ T his study provided;im- · 
.,] pro:-c�d inter�;>retive tool� that were used to pistinguish 
natural· v�rsus anthropogenic metal concentrations and 
'to. help identify nonpbipf sources. Results confirmeo thaL 
, , ''�lt�ough, elevated metals .and _synthetic orga�ic com­
pounds were present in the water colurfln, the'toncehtra-· • 
•' tion of lhese constituentS was well below State an& Erivf-
1-'onrilental Protettion•Agency water"quality standards. 
T hese data provide a clearer understanding bf p'Oilutant 
.trends and revealed encroa'chment of 'metal >eontamina-
. ,tipn, in •. :several· .JTUljqr pstuaries. T he: highest levels. of 
·: ,metals ,and synt�etic organics were founsl,-jn sedi{llEVJ�. 
• �trom 1h�. �iami • Riye� and Biscayne Bay,. J"tie rive� .re-
, tc;eives pollutants-particularly Ag, Cd, Cul Hg, Pb, and 
• •  Zn-frortl a var(ety of :non point sources �originating frbpl 
' ttie' adjacent city of Miami. T he river' essentially bec6n'les 
' 'a "peint source discharging' moving contaminant!l ·into th'EY'' 
Bay, Resents from tHe sfudy ' were used as ' a  basis for 
maklng·�ommendations to State and'Fe'del'al ag&nl:iea 
'" ,for clel!ning 'tiP' non point · sources .gntering .the Miami • .• 
'RivQr.; , 
.. ,, 
INT-RODUCTION · ·  
'1-JoQ�oini-sourc��. especially urban stormwater, are a-��­
jor.�ource of pollution to bays and estuaries along devel­
op�q, qoas,tal -areas. Although the neett to. protect ·these 
productive j:IQ.Vironme}lts is widely recognized, there are 
many 9efit;iencies io. traditional regulatory approaches. 
.This paper illustrat(ls hPw a better· understanding· of 
sediment chemistry provides more meaningful informa­
tion for assessing and managing nonpoint source dis-
• ""� 
charges of metals and organic compounds. It also outlines 
how these technlque.s have Jecently been used in State 
and local,:atteQlpts� to eradicate the- eff.ects of existing 
stormwater outfajls in the Miami River ar\Q Biscayne Bay 
in South Florida. • 
Studies of contaminaljon in coastal areas have-gener­
ally focused on.water quality studies in whicll results ;lre 
compared with;a $tate or federally, established water qual­
ity·:;tandard. Jbis preoccupation with water quality crileria 
is couoterproductive for three fundamental reasons. First, 
traditional approac!les relying prrwater quality information 
fail tQ adequately considel' environmental geochemistry. 
Second, the use of a water quality standard alone offers 
little protection to the estuarine biota, most of which are 
linked to the.sedimeot through fopd webs:' Finally, thEtct:lst 
of carrying' out water quality studies 'in large .urbanized 
areas with complex nonpoint source problems can be con­
siderable and still not provide meanjngfur·measures of 
pollution . .  With the limited. funds.available 10 study.nbno 
point pollution, , improvemetit&- are needed to provid&llhe 
best .irfformation for. the Jeast money. 
GE,OCHEMICAL.CON$1DERATIONS' ' 
. •. � • '!;"' •..! )I(' � ( � � .. - •, ... . 
jn �ontrast,tq;!ake and pcean.systems� thEJ i>toce5Ses that 
affecfthe dlstri,Rll�ion of cl'\emicat qonstituents·h'liin estu­
ary are <f0111P.I�x l:l!ld pften poOtiY understood. AS a result, 
UI)�!JEfemphasis is·o�n placed. on in�ppropriate and mi� 
leading pollution .indice,tors,. :,Reliable il)tQrpretive�tools for 
assessing the degree "Of estuarine contamination rel,ative 
tp background COJ1ditions,a{e virtually ·nQOexlsteot, 
In Floride,, eight of .the 1Q  larg�st cities are surrouoded 
by marine,or:brackis,h w�tj:l� that receiveJl wide variety of 
nonpoint source. discharges. A.s the aqueous nonpoint 
sources ·mix .with �r{lckish ·Or'fTlarine-waters in, these.ar­
eas,· milny.of the materials previoJ,Jslyl !ij.!Spended or:. dis-
.. . .. .. 
Tabl-. 1 .-Metal and fluotlde c�ncenlratlons reported for water from other regions (In 119/L) 
Wotld . s.E.·u.s. 
rlvera1 , .  rlvera2 
Arsenic 1 .70 0.04-0.65 
Antimony 1 .00 
Cadmium 0.02 0.002-0.02 
Chrotnium 1 .00 
Copper 1 .50 0.25-0.77 
Fluoride 50-100 
Iron 40 22-120 
Lead 0. 10 0.02-0.51 
Mercury 0.01-0.04 
Nickel 0.50 0.1 1-0.57 
Silver 0.30 
Zinc 30 0.21-2.0 
1From Martin and Whitfield (1983) 
2From Windom and Smith (1984); Windom et al. (1984); Windom and Taylor (1979); 
Weslenchuk and Windom (1978); Windom (1971) 
3From Klinkhammer and Bender (1981) 
4From Waslenchuk (1978) 
All references are given in the bibliography in the Manual (Ryan et al. 1 984). 
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f;.lgure 1 .-Relatlonshlp between lead and aluminum, and 
zinc and alumlnum·observed In natural aec:tll;nents fron;� the, 
south,epstern United States (Win'doin, 1 984) Slope of each 
line reflects the calculated m•tal·to-meta( ratio. Values In 
pare!}theses are !IVe'!lge tatlos'repo�ed in \J\e SCientifiC lit· 
�rature (referen�ed In t�e text). 
splved �n freshwater are rapidly incorporated il)to pottom 
sediments by physical ·and chemical processes-such as 
flocculation, precipitation . and coprecjpitation with .scav· 
e]lging. As a· re�ult, .. the �stuarine water, column shpws 
extremely low conqentrations of trace metals ilnd organic 
COITIPQunds. lnde.ed, mQ.nY of· the constituents �emaining 
in th.e complex saltwater matrix appr�ch leyel� at or be­
I0¥1 the Wtalytical .detection limits of mo:;t chemical labora­
tories. More importantly, such low concentrations enhance 
the potential for sample contamination, leaQing to spuri­
ous results. 
Table 1 shows the range of concentrations for several 
trace _metals in waters throughout the United States 
(Klinkhammer an� Beoder, 1 981 ; Martin an,d Whitfield, 
1 983; Waslenchuk, 1 978; Waslenchuk and Windom, 
1 978; Windom and Taylor, 1 979; Windom and Smith, 
1 984;,Windom et al. 1 984). The last -column shows State 
of Florida water quality, standards which are in many nr. 
spects the same as EPA''S. This table shows. that metal 
levels in the water column rarely approach. water quality 
standards. Except, Jor sampling in the plume of a .dis­
charge, violations of water . quality standards for trace 
metals or organic compounds in marine or brackish wa­
ters are difficult to find. It follows, then, that traditional 
water quality standards for metals and organic com· 
pounds-originally developed for· drinking water-are in· 
appropriate in the marine environment. 
Ta�le 1 and findings by other investigators (Pavlou and 
W�$on, 1 983; Talbot, i 983; Williams et al. 1 978) indicate 
thal bottom sediments, not the water column, are the real 
ESTUARINE QUALITY 
indicators of pollution . in coastal enviropments. The con­
cept that sediments reflect t�e d�Qree'fo which an estuary 
is contaminated is straightforwara, 1fJUt understanding the 
levels of contamination is more difficult. This is especially 
true for metals, since 'they occur both naturally and as a 
result of man's activities. A\,. present, there is no consen· 
sus on a reliable."tool for judging the extent of metal con­
tamination. Such tools must be developed on a regional, 
rather than on a national basis. 
The complexities of understanding the relevance of 
metal levels as they occur over heterogeneous substrates 
of varying grain size make it e)dremely difficult to interpret 
-��e deg..ree of pollution based on absolute concentrations 
alone (Ackerman et al. 1 983j FOrstner and Salomons, 
1 981). While many tools have been used to interpret sedi­
ment data (Brieri et at. 1 975; Helz et al. '1975; Nishida et 
al. 1 982), we hav.e found that the ratio of a trace metal to 
aluminum is quite useful for interpreting the degree to 
which sediments are ,enriched with metals in Florida (Ryan 
and Windom, in prep.). Sediment d�ta from 1 3  bays in 
Florida indicate that up to 70 percent of th_e variance in 
observed metal concentrations can be explained QY 'alumi­
num. 
Figure 1 shows this rellittionship between, lead, zinc, and 
aluminuiT} in _over 1 ,1 00 uncontaminated marin� sediment 
samples off the southeastern U.S. coast {Windom, un­
publ.). As the concentration of aluminum increases, so do 
observed concentrations of lead.and zinc. Deviations from 
the plotted line suggest that certain sediments are en­
riche!1 in leaa �d zinc. In �ss,_ence, these finding_s provide 
a method for normalizing the· qomplex relationships be­
tween metal.con..centrations and gfain.si:z;e, as wel�"as dis­
tinguishing natural from polluted sediments. 
Figure 2 illustrates a broader regulatory use of the, me­
tal:aluminum relationship that we have employed to.deter­
mine metal enricbment in sedi�nts. Metal:aluminum·ra­
tios are calculated Jrom raw d�a (in tl')is case�copper to 
aluminum) and plotted against the absolute metal;·concen­
trationsan� ratios ceported in unpolluted sediments. If the 
point(s) falls in the ,shaded area the sediment& ·are 
deemed to contain natural 'Copper concentr.atiops. Points 
.-nv•ua"" Composition o(Crustal Material 
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Figure 2.-Graph depleting copper• concentration versus 
copper-to-aJumlf1um ratio In natural sediments. Points plot.· 
ted from empirical data falling within' the-shaded area. are 
considered naturai:Outllers i(ldicate copper enrictlment In 
the sedlni'ent'sample. 
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F,lgure 3.-Map sho�ng relatl,ve atatlon loc�tlons In the Miami River, Tamlaml Canal, and Biscayne Bay. Major nonpolnt 
source Inputs are shown by arrows (B.R. = Boat Repair facilities). 
falling outside the shaded area indicate copper contami­
nation from human activities. Thus, the problem of com­
paring chemical data frorn areas of differnnt grain sizes is 
diminjshed. 
Using this approach, the Florida Department of Environ­
rnehtal Regulation (DER) studied· fhe environmental 
chemistry 'of Florida's ·bays and estuaries. T.he study of 
Biscayne:Bay and adjacent Port of Miami ship channels 
offers an" example of how pollution trends can l:fe ob­
servea more clearly and used.to provide a basis for.man­
agement of nonpojnt source problems in a complex urban 
setting. In addition, a" application of the previously dis­
cussed interpretive approach is demonstrated. 
BISCAYNE BAY AND MIAMI RIVER 
STUDY 
Biscayne Bay (Fig. 3) is a shallow, tropical lagoon approxi­
mately 48.27 km (35 miles) long and up to 16.09 km (1 0 
miles) wide, with average depth of 3.66 m (1 2 feet). Sev­
eral features make this bay unique among other urban­
ized coastal areas of the United States. The bay, while 
essentially estuarine in character, was rormea as r1s1ng 
sea level filled in a rigid pre-existing limestone depression, 
rather than being formed as a drowned river valley like 
many other estuaries. Unlike .othe�;, 'estuaries' receiving 
sediments from riyer inflows or oceanic proceSses, fresh­
water inflows from numerous flood control canals carry 
little mineral detritus to the bay. Instead, most of the sedi­
ments in Biscayne Bay· are prodiJCed by the local biota 
(Wanless, 1 976). 
Because of this· unique arrangement, Biscayne �ay has 
little capacity to dilute or sequester anthropogenic con­
taminants that enter the South Florida coastal environ­
ment. Most pollutal)tS enter the bay from ndnpoiht sources 
in urban Miami, traveling to the bay through ·canal sys­
tems, stormwater discharge pipes or ground water. 
Study rj;ISUits indicated that port sedimentS were' con­
sidei-ably enriched with trace metals, polynuclearJuomatic. 
hydrocarbons (PAH's), and polychlorinated biphenyls 
(PCB's). Because the most obvious source of these con­
taminants was a large canal, the Miami River (Fig. 3), an 
additional study examined the environmental chemistry of 
the river and its tributaries. 
Figure" 4 shows the · results of the bulk sediment analy­
ses for trace lnetals in the Miami River and · in Biscayne 
Bay and oompar'es 'metal cohceiifrations ·(based on analy­
ses of triplicate 'samp1es5"with those collected in 1 o o'her· 
bays' anCI e§tllaries ln Florida .• As the graph shows, metal 
levels in Biscayne Bay and in the Miami River are signifi­
cantly greater (p < .01) than the aver:age values recorded 
at all other-�dY ar'eas il'l Florida. Trace metal concentra­
tions are· normalized for grain size,using•the metal-to-alu­
minum ratio· if� discussetl earlier. The Miami River is a 
major sour� of trace-metals to lhe baf �s shown by the 
decreasing concentration of metals. from right (river) to left 
(bay) in Figure..l�. Sediments �so followed the same pat­
tern for arSel1ic 'And chromium, not shbwn on· this figure. 
While metar levels'appear to gradually decrease from 'the 
river to the.'bay, these six metals in- Biscayne Bay are still 
significantly higher (p < .05) than levels encountered at 
1 0 other bays in the State. 
A diverse group of synthetic organic compounds was 
also detected in the river, but few appear to have moved 
into the bay. PCBs (Arochlor 1 254) were detected in "all, 
river sediments sampled While four of the 10 PAH's exam;. 
ined were also ubiquitous throughout the river. In their 2-
year study of'lhe Biscayne Bay system, Corcman et al. 
(1975Yfound that the highest synthetic organlc concentra­
tions occured in the Miami 'Rhler. While concentrations of 
!r�ce metals �nd S}!lt��tic organic compound_s are �� 
h1gh tflat no benffifc organisms were observed during the 
satnpling pfogram, no violations 'of water quality stand­
ards were detected. 
Sources of Pollution 
Numerous potential nonpoint sources of pollution to the 
river were identified. For' example, PAH's in the Tamiami 
Canal apear to originate from act(vities. at .the adjacent 
Miami International Airport' complex. 
· 
Cadmium, copper, lead, silver, chromium and zinc con­
centrations were significantly greater (p < .05) at MIR-8 
than at any other site in the river. This site is directly adja­
cent to a large boat-building and repair facility on the Ta­
miami Canal. 
Silver and arsenic concentrations were also .high in. sed­
iments from the middle portion of the river and in Seybold 
vanal. One P,9SSible source is a large hospital complex 
t�at discharges wastes into the canal. Silver could origi­
nate from releasing X-ray wash waters into the canal. The 
sour�e of arsenic is not known. Silv�r appears to be fairly 
mobile as reflected by the enriched sediments down­
stream from the canal at the mouth of the river and in 
adjacent areas of Biscayne Ba� 
Metal enrichment was also encountered in the vicinity of 
known stormwater discharges. Surprisingly, stormwater 
discharge areas draining the city bus repair facility ·and a 
large scrap metal yard, originally thought to be a source of 
metal contamination, showed no metal enrichment along 
the immediate shoreline. Because this site receives peri­
odic freshwater discharges from a salinity control barrier 
during heavy rainfall, these sediments could be remobi­
lized and moved downriver. High metal levels were found 
approximately 500 m below the scrapyard. 
1 10  
ESTUARINE QUALITY 
In sum, the Miami River receives pollutant inputs frf)ro 
numerous sources a'nd acts as a temporary repository f9r 
these wastes. The river converts many nonpoint polluti�n 
sources into one large point souree discharging into l'ais­
cayne Ba� While the total flow of contaminants· from Mi­
ami's urban area to the Miami River many be no gre!lt�r 
than for other major cities, the Miami River lacks the large 
volume of natural sedimentary materials th�t accomPe­
nies lotic inflows into other estuaries. In other urbarr arees 
such material can more effectively dilute anthropogenic 
inputs and sequester pollutants. Thus, the importance of 
understanding nonpoint pollution on a regional basis' can-
not be overemphasized. 
· 
NONPOINT MANAGEMENT ISSUES IN 
SOUTH FLORIDA 
Water quality in the Miami River has been deteriorating f9r 
over 50 years. Until recently, little if any recognition h_v 
been given to the river/canal as a potentially impOrtant 
historical, commercial, and recreational resource. Aft�r 
years of neglect this attitude is changing at both the Stc;ite 
and local levels. 
' · 
100 O.ol 0.1 1.0 . 10  
o Inner NaviQational Channela 
• Outer NaviQational Channela 
Concenttations (ppuO 
O o  * 
0 
Concentrations (ppuO 
0 
0 
Concentrations (ppm) 
Figure 4.-Compartson of metal levels in Biscayne Bay and the Miami River with those encountered In sediments of 10 bay· 
estuarine systems In Florida (these are average values for Inner and outer portions of the bays and for port berthing areaa, 
which represent worst case sediments). " 
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The Miami River Management Committee, established 
by exec!Jtive.order of Governor.GrahalJl on' Dec. 1 5, 1 9�3, 
has complet�d more than 1 full year of oper,ation. The 
committ�e has presented 'a reporf:$'etting specific, 1'do­
ab!e" goals and �bjective� for ·restoring and enhancing 
the Miami Rive(. , ., 
Larg�!Y as �' result P,f tl)e sedi!Jlent,al)alyses discussed 
pr�:�viously, scientists.,and agency J)ersonnel who have 
�iudi���t�e river !low beHey��hat stprmwater'outfalls are a 
major,�tf not the major,, sourc& of pollutants entering the 
river today. ,Fifty-five stormwater outfalls greater than 
3o.48 cm .. (1 2 in,ches) iJ:IAi�r;i;te'te'r:Cirain roadwj3.ys,�n� the 
urban and industrial areas that abut the river. In addition, 
an unknown number of smaller outfalls, overland runoff, 
inwater, and upstream sources contribute to the poor wa­
ter and sediment quality in the river. 
Two 'Key problems have emerged as a result of this 
study: (1).what to do about the movement of pollutants into 
Bisq�yne l3,ay.Jrqm the existing Miami River sediments, 
and (2) how to contain nonpoint discharges currently en-
1�'rir:t9 t�e.rjver.' 
'· , 
Dred�ing contaminat�d river �ediments is one optipn. 
Howev,er1 I?OIIutant levels ar� so high �hat disposal of the 
dredged material is difficult. The high t:ost of land in South 
Florida prohibits upland disposal. Offshore disposal 
seems unlikely because of the natbre Of the river sedi­
ments. Other �and dispos�l options are severely limited by 
the''Shalrowness of the Bi�Gayne Aquifer that supplies 
most of South Florida'� drjnking water. 
Regaraless of whether the river "is dredged, water pollu­
tion sources are being eliminated, particularly from 
stormwater outfalls. PrioritY outfalls' are being redesigned 
by the city of Miami to percolate the first inch of runoff as a 
part of its current $30 million stormwater renovation pro­
g�arrf. Retrofitting those outfall� not scheduled for irrtmedi­
afe reconstruction by the city' was given a very high priority 
l::ly the· Committee, wtlich has asked the State· for addi­
tional funds to help eliminate or redesign the remaining 
outfalls that· cannot be upgraded with available local 
funds. 
The Department is cons:erned with the discharge of in­
adequately treated stormwater runoff into State waters. 
The agency is seeking information on potential control 
techniques for retrofitting or renovating existing stormwa­
ter pollution sources in heavily developed urban areas. To 
this end, the Department and the Committee propose to 
demonstrate innovative storm drain design and manage­
ment practices in the lower Miami River watershed. 
Because of the high cost of storm drain renovation, a 
prioritization , process was · Cleveloped to help m�ke the 
most efficient use of the available funds. Sediment analy-
.. 
ses will be used to pinpoint priority non point source areas 
for cleanup. .• 
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· NONPOINT SOURCE POLLUTION CONTROL IN SMALL BAYS OF 
PUGET SOUND 
BOB SAUNDERS 
Shorelands Division 
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Olympia, Washington 
.....-�----.ABSTRACT _....:....._ __ _, 
In the last 4 years, five commercial shellfish growing ar­
eas in Puget Sound have been closed 'because of non­
point bacteriai'"Contamination. These have been in rural 
areas characterized by small acreage, semi-recreational 
farms, rural residential development, an<! moderate resi-. 
dential density on t�� saltwater frontage. With one' excep­
tion, they are notable for the absence of point discharges, 
large commercial farming, and uroar't stormwater dis­
charges. The Department of Ecology conducted a year­
lOng study ot the water quality in two of these estuaries­
Minter Bay and ·Burley Lagoon. The data correlated 
"'l!tream. segment pollution levels with surrounding land 
use. Agricultural sources appeared to be the major prob­
lem, with Jailing septic tanks the suspect in so 'me areas. 
The Department funded the two counties in which the 
watersheds dccur to develo� a basin plan forcontrollipg 
the problem. A consultant developed three ordinances to· 
address animal keeping practices, onsite WS!'ite disposal: 
and efosion control. The issues are complicated by the 
r watershed's overlapping two counties with somewhat dif­
ferent sets of land use ordinances in place. Also, commu­
nity reaction to the initial proposals has be�n advl"rse. 
The ,proposals �re undergoing community review and 
may undergo considerable revision. Other efforts are be­
ing funaed to continu� to develop farm management 
plan� on a voluntary basis, pending completion of a basin 
planning program. · 
Shellfish. in Washington State are important. Washington 
is tile fifth largest producer of oysters in the United States, 
the eighth largest producer of clams, and the only pro­
ducer of the giant geoduck clams, which average 2 lbs 
apiece and can reach 10  lbs. Puget Sound mussels have 
been the winners for the last 2 years in natlPnal taste .test 
competitions. ·fn addition· to the commercial-importance, 
Puget Sound supports 441 ,000-user trips/year of recrea­
tional clam digging. The availability of freshly dug or pur­
chased stutllfish is a significant feature of traditional Puget 
Sound lifestyle. 
Concern over the health of this resource began in 1 982 
after the third decertification of a commercial growing 
area. Oyster growers' concerns and pressures led to the 
initiation of a shellfish protection planning effort by the 
Department of Ecology (WDOE), the State agency respon­
·sible for water pollution laws and for shoreline manage­
ment. A year and a half later, when the agency's Shellfish 
Protection Strategy was completed, the decertified areas 
had grown to six- and the problem was getting front-page 
coverage in Sunday issues of the largest papers in the 
State. 
Based on these closures, four of which were due to 
nonpoint sources, the Shellfish Protection Strategy identi­
fied nonpoint source pollution in watersheds draining to 
areas with shellfish resourcQs as the major problem, and 
called for a program of basin planning to control the prob­
lem. The concept was to develop a pilot basin plan or 
nonpoint pollution control program in one area and then to 
promote the adoption and adaptation of this model in 
other watersheds. 
The pilot program area chosen was two small lagoons 
called Minter Bay and Burley Lagoon. Both are classical 
lagoons partially enciQsed by a sand spit formed by littoral 
accretion across their mouths. Burley Lagoon is 92 ha 
(230 acres) and Minter Bay is 32 ha (80 acres); both flush 
fairly well. 
The watersheds, about 4,000 ha (1 0,000 acres) each, 
are characterized bY rural residential uses. Small-scale 
farming tor pleasure and supplemental income are com­
mon; commercial-scale agriculture is infrequent. The larg­
est h�rd in Minter/B1,1rley is a small dairy with 40 head. 
Residenti�l and agrjcultural uses tend to be concentrated 
in the stream valleys with heavily forested hilly terrain 
higher up the watershed. Population ·in the two water­
sheds is about 10,000. A small commercial node exists 
nel$t to Burley Lagoon. A.bout 50 percent oj the soils are 
poorly drained clays derived from glacial till. 
The poor spils, rural residential use, and· small-scale 
agriculture are typical of Puget Sound, although some 
areas do have more commerciartarming. 
A three-pronged approach addressed the nonpoint 
problem: 
Water quality Investigation. Using coastal zone man­
agement funds, the WDOE water quality investigation sec­
tion conducted a year-long evaluation of water quality in 
the two estuaries .to identify more clearly the sources of 
contamination -and to provide a basis for developing and 
justifying a control program. 
Farm ·management. The local conservation district was 
funded to begin a program of identifying farms with animal 
waste problems, to begili informational and educational 
programs, and to develop farm management plans. 
Planning and land use. Planning grants were awarded 
to the two counties in which the watersheds occur to de­
velop a pollution control pr6gram. A respected consulting 
firm was retained to prepare an evaluation of alternative 
strategies and ordinances that would institute appropriate 
controls. 
These efforts were coordinated through a technical ad­
visory committee, which had been previously established 
by Pierce County to develop ordinances to control t11e 
problem. After some initial tig11tening of the on-site waste 
disposal regulations, tlie committee had begun to lose 
momentum and focus. The, use of this area as a pilot study 
was inten�ed to strengthen the committee's performance 
of their original mission. • 
The results of fhis three-part program follow. Conclu­
sions rather t�an methodology are emphasized for brevity. 
WATER QUALITY SURVEY 
The main features of the methodology were 
1 .  bimonthly ambient sampling at 20 stations 
2. two rain event samplings 
3. correlation of bacterial loads, loads, and land uses 
along various reaches of the stream 
4. speci� studies-on time of travel, sediment, seepage, 
and seabird populations 
PERSPECTIVES ON NONPOINT SOURCE POLLUTION 
The major conclusions from the extensive data collected 
were that all land uses throughout the entire watershed 
were contributing to the problem, in particular: 
1 .  Stream segments with only agrit:ultural use showed 
high loading. 
2. Stream segments with only residential use showed 
high coliform loading. 
3. Undeveloped control streams met the water quality 
standards. 
4. Coliforms could easily survive in the fresh water for 3 
days, long enough to reach the estuary from the farthest 
headwaters. 
5. Shoreline residences could not account for the estu­
ary loads. 
6. In Burley Lagoon, correlation between estuarine 
conditions and stream loading was very high. In Minter 
Bay it was not as high. In Burley as little as 111o of an inch 
of rain could cause violations in estuarine water quality. 
7. Sediments appeared in some areas to act as a reser­
voir of bacteria. Disturbance of sediments produced large 
increases in downstream counts. This was a possible fac­
tor in explaining lower correlations between stream load­
ing and estuarine loads in Minter Bay. 
8. No correlation at all developed between coliform lev­
els and bird counts. 
9. Rainfall events produced rapid increases of 6-1 0 
times the typically observed loads during ambient sam­
pling. Investigators concluded that we learned most from 
sampling while the system was rainfall-stressed and that 
future investigations should de-emphasize ambient ·sam­
pling. 
CONSERVATION DlSTRICT PROJECT 
The second part of the program inventoried and identified 
farm ownerships. Abou• 30 farm management plans were 
developed. A handbook was developed describing agri­
cultural best management practices (BMP's) that were 
most applicable to small farms. An unplanned, but signifi­
cant, followup to this phase of the work ,came when 
WDOE secured a construction crew funded by a State 
jobs prc)gram that provided free (to the homeowner) labor 
for building improvements Galled for in the farm plans. 
Some 2,400 in (8,000 ij) of fences were built, plus a num­
ber of bridges and stock watering areas. 
PLANNING PROGRAM 
The local governments hired a respected consulting firm 
to evaluate alternative approaches to controlling the prob­
lem. Based on the WDOE water quality study, the consult­
ants recommended concentrating on animal waste man­
agement practices, }ailing on-site waste systems, and 
erosion control. Since the area is quite rural, they recom­
mended controlling these primary �ources rather than ad­
dressing collected 'storm water. In one area of Puget 
Sound, urban storm water drains to a commercial shellfish 
culture area, and typically high bacteria counts (900/ 
100 ml) have been found. Most shellfish cultures, how­
ever, dccur in rural areas where infiltration is still high and 
the recommended approach is to keep densities low to 
avoid creating more serious stormwater problems. 
The report recommended developing- ordinances to 
control these three activities. The ordinance approach 
seemed necessary to ensure the long-run protection of 
the area. Only 20 to 30 percent of the watersheds were 
developed, so ignoring new development ·could quickly 
undo current corrections. The local governments had pre­
viously added political support by directing the staffs to 
develop ordinances to control the problems. This ap­
proach also suited the State interest in developing a pro-
gram that was integrated into local lanC! use controls. Be-· 
cause of the small scale nature of the farms, it has not 
been considered possible for direct state programs to ef­
fectively address the problem. 
The recommended ordinances contained the following 
features: 
Farm management. Each farm in the watershed would 
be required to have a farm management plan. The plan, tp 
be prepared by conservation district or Soil Conservation 
Service (SCS} personnel, would conform to general poli­
cies, but considerable site-specific flexibility in Jhe applica­
tion of BMP's would be allowed. Farm plans were to be 
submitted to the Health Department as a condition of ob­
taining health or building permits. 
On-Site Waste Management. This ordinance was mod­
eled after a California county (Merced) ordinance. It re­
quired inspections of on-site systems periodically (2-year 
intervals were proposed), annual permits to help fund the · 
system, and mandatory pumping if inspections failed. 
Clearing and Grading. This ordinance set up a fairly 
standard permit system to authorize clearing and grading 
activities that result in excavation or fill in excess of a 
minimum amount. In Washington such permits are com­
mon in cities, but rare ih counties. 
The 'development of these ordinances. has not been 
completed, While the technical committee was still en­
gaged in developing a system for funding and implement­
ing these programs, draft ordinances began to 9irculate in 
the local community. Opposition to the proposals grew 
very rapidly, culminating in a public meeting where 350 
residents demanded a halt to the process. 
Citizens expressed consi(lerable resistance to a regula­
tory approach, to permit fees, and to various specific. pro­
visions of the draft proposals. There was refusal to aamit a 
serious problem existed, demands to know the actual 
health risks, demands to let the oystennen go somewhere 
else, queries about depurating the oysters, and considera­
ble finger pointing between farmers and residential users 
regarding who was most at fault. Despite a good data 
base, the political heat derailed the original propos!ils and 
resulted in a more lengthy and formal citizen aClvisory 
committee process being developed. 
Although the ordinances were sidetracked, the results 
were not all negative. The controversy produced far higher 
awareness and interest than previous educational meet­
ings. After the initial stormy meeting, large numbers of 
people began to show up at the conservation district office 
seeking farm plans. Cooler heads have generally bt:!en­
appointed to committees and a program·wiiJ iikely be de­
veloped that is less regulatory and more assistance ori­
ented. 
The general publicity and interest in Puget Sound water 
quality and shellfish contamination also spawned a num­
ber of good bills in the legislature. One of these, HB 1068 
provided for a comprehensive approach for planning to 
control nonpoint pollution. The bill may not survive the 
dual problems of a State budget crunch and some local 
government resistance, but I would like to conclude this­
story with a brief description of it because it embodies the 
type of program that is needed to reverse the trend to­
wards decertifications. 
The bill required a cooperative State/local effor-t to ad­
dress shellfish contamination. WDOE was directed to 
identify "closed correctable" and "highly threatened" 
commercial and recreational 'Shellfish culture areas. 
WDOE was also to prepare minimum standards tot land­
use based nonpoint control programs. Local government 
was given a year to prepare local plans to control tt1EJ 
sources of the pollution. The local plans would have- to 
conform to the minimum State standards and would re-
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SHELLFISH SANITATION IN-OREGON: CAN:IT BE ACHIEVED 
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.-----�. ABSTRAC� -......--------, 
Historically, sliellfish Qrowing areas,are closed as man's 
activity pollutes'the waters. As these areas close, tiusi� ' ·nesses and jobs are lost in a local and State economy. 
Oregon is taking a different tack ·to maintain the Jirhited' 
growing areas available to prJvat� industry. Recently com­
pleted fecal waste source management plans in Tilla� 
mook Bay demonstrate that safe shellfish harvesting can 
exist in the same estuary as nonpoint and point source 
discharges-liS long as who, what," and when they dis­
charge is known. Ari overview is presented describing the 
process of pollution source identification, management 
option determinations, and management plan develop­
ment and implementation. 
INTRODUCTION 
In recent years, mut!:h concern has been directed toward 
the water quality conditions of Oregon's estuaries and, in 
particular, those bays that receive pressure·from commer­
cial and recreational shellfish harvesters. Routine sam­
pling and analysis of these bay waters, in some cases, 
show seasonally degraded water quality. In these bays, 
safe shellfish harvesting is.precarious. 
In the United States, when bays become contaminated 
by, pollution, they �r� closed to further harvesting of shell­
fish. Closing a pay hurts the local and State economy. The 
commercial and recreational harvesters must go else­
where for their shellfish, thus affecting the local economy. 
This is an unacceptable solution in Oregon. 
In the bays-threatened by_ closure due to pollution, Ore­
gon is striving to accomplish a cleanup by achieving the 
stated goals of the �ederal Water Pollution Control Act 
and the National Shellfish Sanitation Program (NSSP). A 
goal of the Federal Water Pollution Control Act states that 
" . . .  wherever attainable, an interim goal of water quality 
which provides for the protection and propagation of fish, 
shellfish, and wildlife and provides for recreation in and on 
the water l)e achieved by July 1 ,  1 983." 
. , 
The N.SS� goals.are "OJi�e contiru9d safe:·use otthi� 
1Jat4ral �e�urc�:·find :(2)' active enco.ura�;�eroent qf .waf�r 
�ufllity.,.pfograms. w\lic� will P,reserv�.!!ll.�lbte.c6a�taf. areap for tlils )>eneficlal, use." .TIJe nat�ral r's9ur£9 r-t. ferr'edlo by the 'NSSP goal� is st"Jellfisli: "Shellfish are a 
renewable, manag�able.natural resource of significant ec­
onomical value to many coastal communities, and which 
should be managed as carefully as are other naturaJ. re­
sources such as forests, wat(\tr and agricultural lands." 
In Oregon, shellfish propagation and harvesting come 
under the headings of "Resident Fish aod Aquatic Life" 
and "Fishing" and are considered �n�ficial uses as 
stated in Oregon Administrative Rules 340-4 H�OS (Table 
1 ). Oregon sets water quality standards to protect these. 
nonprioritized beneficial uses 9f the .water. Ofle specific 
standard stated in 0Aft340-41-205 is: "Bacterial pollution 
or other conditions deleterious to wpters used for. domes­
tic purPQ$eS, livestock watering, irrigation� bathing, or 
shellfish propagation, or othel'\yise injurious to public 
health shall not be allowed." 
The goals of the Clean Water Act and the National 
Shellfish Sanitation Program, coupled with Oregon's re­
quirements to protect beneficial uses through abiding by 
water quality standards, provide that, if a water quality 
problem affeCts the shellfish resources, then action. must 
be taken to correct the problem. In meeti�g the go_als and 
correcting ttie pollution problem, Oregon is keeping bays 
open to shellfish harvesting, even when nonpoJnt and 
point source discharges exist In the water basin. This is 
accomplished by managing the pollution. sources. The 
process is effective only when the sources, types, and 
frequency of pollution discharge are known. 
Tillamook Bay and Coos Bay, tvyo separate est1,1aries in 
Oregon, have been threatened by crosures to .shellfish 
harvesting in the past. This paper describes the process 
of pollution source identification, sourc& management oP.: 
" tions and plan development, and, the 4;years, o� su.ccess-
ful management in keeping these bays open for safe �hell­
fish tiarvesting. For the sake of clarity, only the Tillamook 
Table 1 .-Recognlzed beneficial uses of Tillamook Bay and tributaries. 
Public domestic water supply · 
Private domestic water supply 
Industrial water supply 
Irrigation 
Livestock watering 
Anadromous fish passage 
Salmonid fish rearing 
Salmonid fish spawning 
Resident fish & aquatic life 
Wildlife & hunting 
Fishing 
Boating 
Water contact recreation 
Aesthetic quality 
Hydropower 
Commercial navigation & transportation 
Estuary and 
adJacent marine 
waters 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1�0 
Columbia River 
All oth�r 
streams and 
mouth to RM 86 tributaries thereto 
X X 
X X 
X X 
X X 
X X 
X X 
X X: 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 
Bay effort conducted by the Oregon Department of Envi­
ronmental Quality (DEQ) will be discussed here. 
THE TILLAMOOK BAY BACTERIA STUDY 
In 1979, the Tillamook Bay Bacteria Study was initiated by 
the DEQ to specifically identify the sources and extent of 
fecal pollution occurring in the bay and its watershed. 
From the study, it was proposed that corrective actions 
would be developed to reduce the principal sources of 
fecal Contamination to acceptable levels, so as to elimi­
nate the potential health risk that· occurs when a person 
accidentally ingests the water while swimming or eats the 
raw shellfish harvested from the bay. 
The Tillamook Bay Bacteria Study consisted of five 
parts: (1) review of the existing data and information, (2) 
field investigations to fill gaps in knowledge, (3) definition 
of the problem and identification of the pollution sources, 
(4) development of a waste-management plan to address 
the sources and problem, and (5) adoption and implemen­
tation of the plan. 
Throughout the study, the local citizens were kept in­
formed of its progress. Not only was information dissemi­
nated to them, but the meetings, phone calls, and per­
sonal contacts made by .the study team were instrumental 
in involving the public in the process. If the cleanup effort 
was to work, the local citizens had to make their concerns 
known, and th'ese concerns hatno be incorporated in the 
plan. Once the management plan was ready for imple­
mentation, the people knew what had to be done. Thus, 
implementation was made more effective and less contro­
versial. 
Tillamook Bay and Drainage Basin 
The Tillamook Bay drainagl[l basin is located on the north­
ern Oregon coast in Tillamook County, approximately 
n km south of the Columbia River mouth and 96 km west 
of Portland. The watershed is 1 ,425 km2• It is bounded on 
the east by the crest of the Coast Mountain Range and on 
the west by the Pacific Ocean. Five major river subbasins 
drain 97 percent of the total land area into Tillamook Bay. 
Ninety percent of the basin is steep mountainous for­
ested terrain. The forested lands are owned and managed 
separately by State, Federal, private, county, and munici­
pal agencies in descending order of total ownership. 
Eight percent of the land area is devoted to agriculture, 
primarily dairy farming. Located in this lowland area are 
120 dairies. Total cow population is approximately 1 9, 100 
producing 256,360 tonnes of manure annually. The largest 
and smallest dairy herd number 400 and 60 cows, respec­
tively. The average dairy holds 1 50 cows on 40.5 ha. 
The popul�tion pattern is basically rural. People live 
primarily on the aiJuvial plain and terraces adjoining the 
bay. They are found in the towns of Tillamook, Bay City, 
Garibaldi, and the unincorporated area of Idaville. Very 
little shoreline development has occurred on the bay. How­
ever, many homes line the rivers and small tributaries in­
land. Total permanent population in the Tillamook Bay Ba­
sin for 1980 was 1 1 ,305. Recreational population having 
residences in the basin adds another 1 ,  700 people to the 
total. Approximately 60 percent of the population is served 
by three separate sewage collection and treatment facili­
ties. Two additional sewage treatment facilities serve the 
industrial areas of the Tillamook airport and the Tillamook 
Cheese Factory. All facilities discharge in the basin, with 
four discharging directly to the bay or tidal reaches of the 
rivers. 
The area's climate is characterized by a strong marine 
influence, with 70 percent of its precipitation recorded dur­
ing November through March. Winter storms often pro-
"'f: ; 
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duce large amounts of precipitation over short periods of 
time, and cause sudden water-level changes in the rivers 
and occasional flooding of lowlands. The average annual 
rainfall is 229 em along the coast and 381 em inland to the' 
north-central watershed. 
Tillamook Bay covers an area of 36 km2 at high tide and 
1 8  km2 at low tide, is 9.6 km long north to south, with a 
maximum width of 4.8 km, and acts as a catch basin for 
five rivers. The bay is shallow, averaging 1 .8 m deep at 
high tide. At extreme low tide, the bay water is confined 
mostly to the narrow channels. 
Shellfishing in Tillamook Bay includes recreational and 
commercial clamming, and commercial oyster harvesting. 
Clamming occurs throughout the bay. The commercially 
grown and harvested Pacific oyster is grown on approxi­
mately 1 1  km2 of intertidal lands in the middle to upper 
bay, using ·ground-culture methods. Annual harvest ap­
proaches 600,000 clams and 79,546 kg of oysters. 
The bay and tributaries also support a good fin fishery 
for salmonid fish species. When the fish are migrating, it is 
not uncommon to see 50-1 00 boats in the bay and hun­
dreds of fishermen lining the rivers. 
Because of the close proximitY. of the bay to the metro­
politan area of Portland and the bay's location on the pop­
ular north Oregon coast, the area receives many tourists 
during holidays and the tourist season. The attractions are 
the aesthetic qualities, camping, biking, fishing, and the 
Tillamook Cheese Factory. 
Review of Existing Data and Information 
A review of past studies, current water quality information, 
and discussion with local citizens determ'ined that the ma­
jor problem in the bay was that high fecal coliform bacteria 
levels occur during rain events. This indicated that it was 
fecal contamination that threatened safe harvest of the 
bay's shellfish. The review also concluded that sources of 
the contamina�on had nofbeen accurately identified. Pos­
sible sources included the sewage treatment plants, dairy 
wastes, and failing septic tanks. 
One certainty in this phase of the bacteria study was 
that the people living in the cities thought tnat the dairies 
caused the pollution; .the farmersJhought the cause was 
the sewage treatment plants; and the 'tourists attributed 
the pollution to the seals in the bay ot the elk herds and 
swimmers in the forested streams. 
Field Investigations 
Based on the review of existing data and information, the 
project collected additional water quality data from 
streams and from Tillamook Bay during differing weather 
conditions based on rain intensity, ground saturation con­
ditions, and predicted fecal bacteria source discharges. 
Four different types of weather situations )Nere selected: 
(1) heavy rain on saturated ground, (2) a rain after a period 
of dry weather, (3) a dry-weather, low' river flow summer 
period, and (4) the first freshet storm of the water year. 
Because of the lack of definitive information on the loca­
tion of fecal source contributions and the confusioo over 
the major contributors of the contamination, many fecal 
source types had to be considered. To ease the anxiety of 
the local citizens that they would be identified as a source, 
the fecal sources considered in this phase of the .study 
were labeled "potential fecal sources." · 
Potential fe&al source types considered in the sample 
design were dairy barnyards, dairy waste disposal meth­
ods on pastures, failing (or lack of) septic tanks, sewage 
treatment plants, elk herds, heavy outdoor recreational 
use areas, forestry. activities, and seals. 
Sample site selection was based on: (1) paired water­
sheds; (2} changes in land use; (3) a small waterslied 
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Figure 1 .-Tillamook River and tributary fecal coliform con­
centratlo,ns by .river mile. RM = River Mile; FA = Forest­
Agrlc�Jiture �ommq� boun�ary. 
having only one or two land uses, such as forestry, for­
estry-agriculture, �dr ·forestry"urban; � 4) . previous sample 
�tations; (5) pot�n.t�a! fecal source Jocatiqns; �nd (6) l�ca­
tlon of shel!f1sh grow1ng areas. Seventy-one tobutary s1tes 
and. � bli!Y site� w�re sampled during .each storm. Tribu­
taries 'were sal}1P._Ied every 8 hours, the bay was sampled 
during daylight,high .and low tiqes, and oysters during the 
low tides. • 
The water and oYster metat samples were analyze9 for 
tota1 an(j fecal 'Coliform bacteria. Some selected sites were 
also sampled for' fecal streptococcus to be used il"' the 
fecal coliform/streptococcus ratio determinations. All anal-
yses used approyed standard methods. 
· • 
''rhe 1inafyse9' P.f the 'data cqnsi�ted of comparil)g each 
statfbn's data for �ach stdr�e'v�nt'against the established 
bacteria stan�ardlor tMt'wpe of water. A plot of log mean 
fei:al concentration versus river mile (Fig. 1) and a plot of 
fecal bacteria concentration (organisms/1 00 mL) versus 
time (Fig. 2) were made for each storm and for each sam­
ple station. 
Fecal·• bacteria loading ot the bay was determined by 
calculatit'lgltTe area under the curve for bacteria concen­
tratiOI'I and rivE!r disttmrges. Bay loadings were also calcu­
lated asing bacterill'median values obtained for the sam-· 
ple'l>eriocnh the farthest aownstream sample site in each 
major river basih.·• 
SoCJrces'COntaminafing the tritrutaries and bay under a 
given-weather cbridition were identified based on similar 
waterstTed comparisons, the rand· use immediately sur­
rounding and upstream of> each sample site, the magni­
tude. of,: fecal bacteria ·contributions, and the response 
character�stics·of each bacteria sourc� type. 
To"determine the'l'elative· impact of.each source type on 
tl:le .shellfish· me�t. bacteria quality, it was 'necessary to 
knoV(I the travel speed'arid circolation pattern of the fresh­
water in the bay. A rhodamine B:-dye dispersion study Of 
fres,hwater·entering"the opper•end of Tillamook Bay was 
done by. tJ.S .. Foocl and Drug Ad1Jlin1stration (FDA), DEQ, 
and Oregon State' Health Division staff. 
Bay circulation pattems were also photographed. The 
Oregon National Guard -provided thermal infrared photo­
graphs taken approximately 1 1 our·before ari evening low 
· tide . •  contact prints were produced• fro!11 the film · and 
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Figure 2.-Comparlson of Wilson River fecal coliform con­
centrations and river flows over time. S ·= Start of storm; E 
= End of storm. 
pieced together to make a mosaic of the bay. These pho­
tos and the FDA work were compared. and used tQ deterr 
mine the flow pattern of. the freshwaters enter�ng the bay. 
Pollution Source Identification .al"\d 
Water-Quality. Impacts 
Because of the complex interaction of fecal source types 
and the five tnajor watersheds discharging into the bay, 
the results of fhe'watSr sampling and analyse�rwere dis­
played in two. ways: (1) the impacts Of each watershNi, 'its 
loading otthe bay and the circulation of freshwater in the 
bay from each watershed; and (2) the Jmpacts of each 
fecal soorce type (dairy., waste, 'Septic tanks', etc.) or1 the 
watershed into which it drains. 
Conclusions frOm'the data for the rivers and bay indi­
ca'ted ttl at a potential mechanism .tor waferbor,ne diseas� 
transmittal by shellfish from animals to man 'anc}man'to 
man exists in the Tillatnook Bay Drainage BaSin and Till�-
lll<?Ok Bay. · 
Furthermore, bacterial quality of Tillamook Bay as mea­
sured by fecal coliform level� is mor� degraded snortly . 
after heavy rains begin. During the winter months, these 
rains usually produce turbidity, low salinitfes, and IQW tem­
peratur!)S in' .the bay waters, thus creatirig' su�x?ptif!1al 
feeding conditions for the oysters which', in turn, · red4ce 
the potential of harvesting contaminateq oysters. During 
the summer rains, the optimum' feeding conditions persist 
but with a lesser degree of bacterial degradation iq wa}er 
quality. The data s1,1ggest, but with minim�l confid,.ence 
(more oyster meat samples are needed), that the 'Summer 
rains 'may produce fecal bacteria conditions in the bay 
water more critical for safe shellfish harv�sting'than rains 
during the winter months. 
It was found that most of the fecal coliform bactena . 
recovered in the bay originated from dairy anirilal ·and 
human fecal sources In th� river subbasins. The waters 
from the �ilsqiJ, Tr�k, and Tillamook Rivers flow o,ver th,fll 
OYfllE;t beds in the bay on the ebb tide. W{lters from the 
Miami and possibly the Kilchis River reach the same beds 
on a flood tide, but are somewhat diluted by fresh seawa­
ter. The clam beds located throughout the bay have water 
from one or more rivers flowing over them during parts of 
each tidal cycle. 
Finally, small streams in the near bay area also carry 
fecal bacteria, but because of their small discharges rela­
tive to the large rivers, they have negligi�le impact on the 
bay. 
Conclusions from the data for each fecal source type 
indicated that: 
• Sewage treatment plants have the potential, when 
they malfunction, for contaminating the surface waters ot 
the bay drainage basin, in addition to directly contaminat­
ing the bay. None malfunctioned during the study. 
• Dairy operations, primarily manure storage and dis­
posal in the barnyards and on the pastures, are contami­
nating the· surface waters of the drainage basin with ma­
nure runoff when it rains, or the manure is inadvertently 
applied directly to ditches and streams when being spread 
on the pastures. 
• Inadequate on-site subsurface sewage disposal sys­
tems is also contaminating surface waters of the drainage 
basin when it rains, or the lack of such systems is contami­
nating the streams regardless of weather conditions. 
• Other fecal sources, such as wild animals, recreation, 
forestry activities, and industry, are not significant contrib­
utors to the fecal contamination of Tillamook Bay and its 
drainage basin. It is recognized that a local impact to the 
environment could occur near one of these sources if it 
should discharge fecal bacteria. 
What was known at this point in the study was: (1) how 
the bay and rivers interacted hydraulically; (2) who, tlow, 
and when the fecal sources contaminated the surface wa­
ters; and (3) under what weather and runoff conditions the 
shellfish in the bay become' contaminated. This knowl­
edge formed the basis for developing management op­
tions to control the pollution problems identified. 
Development of the Fecal Wastes 
Management Plan 
Throughout the study, local citizens were actively in­
volved. A group of interested citizens met regularly to re­
view the dat� collected and analyzed by the DEQ. They 
experienced the same accomplishments, defeats, and 
frustrations as the study team when arriving at the conclu­
sions from the data. These same citizens developed the 
management options to control the problem. At this point, 
because of their involvement in the data-analysis phase, 
the people were better equipped to suggest solutions to 
the problems. The DEQ's role in this effort was to ensure 
that the management options addressed the problems. 
Dairymen developed the solutions to the dairy problems. 
County sanitarians developed control strategies for the 
septic tank problems. Sewage treatment plant owners and 
operators developed the strategy for minimizing impacts 
from their· plants. 
Management options that were considered in address­
ing the pollution problem were: (1) closing the bay to har­
vesting of shellfish allowing status quo correction of the 
pollution problems from the fecal sources; (2) initiating 
new types of corrective actions aimed at reducing the pol­
lution potential of the identified fecal sources and develop­
ing closing-opening criteria for the bay; (3) strengthening 
of existing programs responsible for the fecal source types 
identified and developing closing-opening criteria for the 
bay. 
The local people wanted an effective plan that would 
avoid extensive implementation costs. They knew that the 
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plan had to reduce the pollution potential in the most eco-
nomical manner feasible. 
· 
The last option (strengthening of existing programs and 
developing closing-opening criteria) was chosen, primarily 
because no new programs had to be instituted for the 
sewage treatment plant and subsurface sewage disposal 
systems. In agriculture, the industry had made the deci­
sion to develop a pollution abatement plan in Tillamook 
County. Local citizens did not want to duplicate agency 
efforts, but they did want to find a way to make existing 
programs more effective, particularly since the mecha­
nisms, effective or not, for correcting the pollution prob­
lems were already in place and operating. To accomplish 
this, no additional funds or personnel were needed. 
- Developing ·a bay closing-Opening criteria, along with 
strengthened source control programs, was deemed nec­
essary to ensure safe shellfish harvesting in the interim 
while the fecal sources were being corrected. Application 
of the closing-opening criteria did not hurt the shellfish 
industry, because the industry arready had self-imposed, 
limited harvesting during critical runoff periods. 
The Tillamook Bay Drainage Basin Fecal Wastes Man­
agement Plan is divided into three parts. Each part ad­
dresses a fecal source type, its location, and timing of 
discharge from that source. Each part is independent o{ 
the other parts in strategy and implementation schedules. 
The whole plan recognizes the legal responsibilities of 
each fecal source to eliminate their discharge, but accom­
plishes the cleanup in such a way that it does not force 
permanent closure of an activity. ' 
For the problem of malfunctioning sewage treatment 
plants, a malfunction notification procedure was devel­
oped. This required that additional alarm' and shutdown 
equipment be installed in the plants and collection sys­
tems. It also required plant personnel to notify health arid 
environmental officials immediately in ttie case of a mal­
function. 
For the on-site subsurface sewage disposal problems, 
the plan identified critical problem areas and assigned 
priorities for correction. This document is used by the 
county to prioritize work and for budget preparation. 
Dairy waste was found to be the most pervasive prob­
lem in the basin and a continuous source of fecal material 
to the bay. Since this was the case, tHe local agricultural 
community, with financial assistance from Section 208 
funds from the U.S. Environmental Protection Agency, de­
veloped an extensive plan for the basin. The Tillamook 
Bay Drainage Basin Agricultural Nonpoint Source Pollu­
tion Abatement Plan cleanup strategy simply stated is: (1) 
Keep clean rainwater and surface waters from coming into 
contact with manure and if that is not possible; (2) prevent 
the contaminated water from entering streams, rivers and 
ditches by intercepting, storing and disposing of the ma­
nure contaminated water in a sanitary manner. 
The plan developed from this strategy directs each 
farmer to develop individual farm water quality plans. 
Each plan addresses the water quality problems of that 
farm and displays a 3-15 year schedule for implementa­
tion of best management practices specifically designed 
for the farm, so that the practices fit the established farm 
management scheme. 
Since we recognize the long-term nature of the cleanup 
and the need for immediate action to safeguard public 
health, tradeoffs between management of fecal sources 
and harvesting of shellfish had to occur immediately. To 
this end, a bay closing and opening procedure was 
adopted, based on criteria developed from the study of the 
interaction of fecal sources, river to bay hydraulics, and 
oyster meat bacterial quality. 
The procedure dictates temporary bay closures for sew­
age treatment malfunctions, for first and second major 
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rainfall events in the fall, 'for winter storms that cause rapid 
increases in river flows and the resultant pos�ipl� llootl­
ing, and for summer storms that cause moderate levels 
but a rapid rise in river flows. 
Fecal Wastes Management Plan 
lmplementat.ion 
'The plan and bay closur,e criteria were adopted by local 
and State agencies and organizations in July 1981 . Today, 
the spring of 1985, implementation of the Plan, coptinues 
to be successful. This success can be attribl,ited to at least 
two factors: (1) the involvement of local citizens through; 
out all phases of the study fostered local pride in the ac­
complishments and, .  more. import�nt, fostereq a pride in 
the lwability of the Tillamook area; and (2) funding to ac­
complish the implementation o� the plan. Whether it is 
appropriate t9 �ecognize the fact, money still so!ves, prob­
�ms. A change in public attitude toward a problem can 
accomplish a lot, but in many cases, �oney is needed to 
effect such a e,hange in_ at,titude. For example, on a farm, 
the attitude change that manure is an asset to be p.pplied 
to pastures as fertilizer rather than a liat;>ility to pe pileq 
next to the creek and washed away, accomplishes .a lot 
toward achieving a cleanup. Yet without storage areas in 
the barnyard away Jrom the rain, the farmer h�s trans­
ferred the problem away from the stream and �as placed 
the problem where a difch now transports the accumulat­
ing rainwater and m�nure to the stream. It takes longer to 
get to the bay this 'way, but the problem has not been 
solved without roofed or curbed storage areas. 
Wliat .pas been accomplished .to date? The sewage; 
treatment facilities now have alarms and shutdown de­
vices that operate 'when critical equipment malfunctibns. 
Each plant has, as:a part of lts discharge permit •. 'lie 
requirement to ir'litiate,the malfunction notification prqce­
dure. 
The problem areas lor septic tanks are still un!1er inves­
tigation •. with correcti\(e measures being jnstituted. One 
severe problem area Rreviously identified has now had 
sewers installed. · 
As for the 1 20 dairies,-the Tillamook Soil and Water 
Conservation DJstrict has received more than $3 million to 
assist dairy owners in cleaning up priority problem dairy 
farms. Th& fatmers have also committed more than $1 .8 
million of their <SINn resources to tht: �leanup effort. This 
work is being carried out on over 70 farms. 
What is nappening to th� water quality trends in the 
rivers and bay with all this activity on the land? Preliminary 
indications are that an improving trend in bacterial water 
quality is occurring in the rivers. An unequivoc9:1 s!ate­
ment of water quality trend cannot be made at th1s t1me, 
however. 
SUMMARY 
Can shellfish sanitation be achieved in Oregon through 
pollution source management? Yel:\. Tillamook Bay, dis­
cussed in tl)is pap�r. and �OOA Bay, me�tioned here but 
not discussed, are bpth important. estuanes for the shell­
fish and recreational industries,.in Oregon. Neither has 
been closec:t permanently to shellfishing even though both 
receive wastes from oijler industries and at one time had 
poor shellfish sanitation characteristics. With r.egard to Til­
lamook, industries and dairy farming are- still open for 
bt,Jsiness. People still live in the wat�rsheds.to the bay, and 
t�ey still fl!,lsh their toilets. What has changed to improve 
the yt�t.!3r quajity situation? , . The most important factor is that people s·.att1tudes to­
ward how they live have changed. People now realize that 
how they handle wastes in. their homes and businesses 
wjl l,ha,ve an effect on sorne other person's business, liveli­
hood, and recreation. 
Along with this attitude change have come tools-to help 
people prevent and control water pollution. A new ar�a of 
the city of Tillamook has beeQ ,sewered.· There is a red 
lig�t )n a police station to alert someone that the sewage 
tre�trrient plant is not working in the middle of the night. 
CRncrete. tanks now store manu�e and curbs around the, 
dairy·barnyards •. control m�nure runoff, where once bare, 
sloping ground was covered with j:>iles of manure in. the 
rain. .r 
With knowledge of who, how, and when sources of pol­
lution operate and discharge in a watershed and bay, point 
and nonpoint source discttarges Cjln coexist, with th� sl)ell­
fish industry. This can occur to the point that no industry or 
person is hurt-least of all the public that loves shellfish. 
